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A Serum Cytolytic Factor Active against HeLa and Other Established 


Cell Strains.* 


(25393) 


BeErTIL BJORKLUND (Introduced by Maurice Landy) 
Immunology Research Laboratory, State Bacteriological Laboratory and Radiumhemmet, 
Stockholm, Sweden 


Immune lysis has invariably been associ- 
ated with serum complement since its discov- 
ery more than 6 decades ago. Four com- 
ponents together with divalent cations are 
required for the activity of complement. More 
recently, evidence has been obtained that ad- 
ditional factors are involved(1). (In the 
present communication complement is under- 
stood to refer to the aforementioned normally 
occurring serum factors, which together with 
specific antibody bring about cytolysis and 
bactericidal and virucidal effects as well.) 
During investigations concerned with im- 
munological properties of human tumor cells 


* This work was carried out under grants from 
Wallenberg Foundation and Swedish Cancer Soc. 


(2) the presence of a lytic system in normal 
serum differentiated from complement was re- 
vealed. This lytic system is present in serum 
as an inactive complex consisting of a cyto- 
lytic factor (CF) coupled with an inhibitor 
(CFI). Both of these factors have been pre- 
pared in a relatively pure state from human 
and from horse serum. It has been established 
that the serum cytolytic factor, under appro- 
priate conditions, causes rapid and complete 
destruction of human tumor cells im vitro. 
This communication reports in summary form 
the characteristics of the cytolytic system and 
the methods by which its components are pre- 
pared and studied. The present work had its 
origin in studies of antigenicity of pooled 
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malignant human tissue by means of cytotoxic 
reactions in cell cultures(2). Those studies 
clearly showed that independently of their ori- 
gin(3), human cancer cells possessed in com- 
mon an antigen linked to a lipoprotein(4) 
which was not demonstrable in normal tissues. 
The same antigenicity was also demonstrated 
on cells of the established atypical cell lines 
HeLa (Gey) and Detroit-6. Antiserum pre- 
pared in horses(2) immunized with antigen 
from pooled human carcinomas(2) displayed 
characteristic cytolytic effects on the afore- 
mentioned cell lines(2). The cytolytic ac- 
tivity remained undiminished following ab- 
sorption with normal human tissues(2) but 
the activity was completely removed upon ab- 
sorption with antigen derived from any of 35 
individual human carcinomas(3). Indeed, 
these findings have since been extended to 
show that the specifically absorbing antigenic 
structures were present without exception in 
a total of 60 carcinomas. 

Methods. Purified horse antibody to per- 
tinent antigen of pooled human carcinomas 
was prepared by binding of the virtually insol- 
uble antigen with excess antibody in the cold 
and eluting the antibody from the antigen 
under conditions of increased ionic strength 
and temperature according to the method 
used by Heidelberger and Kendall for purifi- 
cation of pneumococcus antibody(5). Other 
attempts to obtain antibody preparations 
were: precipitation according to Felton(6) ; 
Cohn fractionation (Methods 6 and 10) (7,8) ; 
zone electrophoresis(9); continuous curtain 
electrophoresis(10,11,12); chromatography 
on CMC and DEAE cellulose(13,14) as well 
as on calcium phosphate gel(15); precipita- 
tion with NavSO,; by (NH4)2SO, and isoelec- 
tric precipitation. In these ways preparations 
were obtained with varying amounts of spe- 
cific antibody, the activity of which was 
titrated in triplicate series of cell cultures. 
For details see(2,4). A common feature of 
the preparations was their ability to cause re- 
traction and agglutination of monolayers of 
HeLa and Detroit-6 cells. Unfractionated 
immune serum not only had the same effect 
but also caused lysis of the cells(2).-. As the 
immune serum was fractionated_to concentrate 
the antibody by removal of other serum: con- 


stituents, the resultant preparations displayed 
less and less of the lytic effect. In fact, the 
most potent and purest antibody preparations, 
prepared by means of elution and continuous 
curtain electrophoresis,t were devoid of lytic 
activity. Cytolysis is known to require par- 
ticipation of serum complement. This seems 
to be true e.g., for the actions of rabbit anti- 
sera to HeLa cells(16,17). Accordingly, it 
was anticipated that the addition of fresh se- 
rum to purified antibody would reconstitute 
the lytic system. This was found to be the 
case; addition of fresh normal horse or hu- 
man serum to purified specific antibody con- 
sistently provided a system which was lytic 
for HeLa cells. The determining factors in 
the cytolytic reaction such as those of time, 
temperature, pH and concentration had been 
elucidated previously(2). This information 
was therefore applied and the test was stand- 
ardized so that with antibody held constant 
the reaction was read as a function of the ac- 
tivity of the accessory lytic factors contrib- 
uted by normal serum. Once the conditions 
for this reaction had been established the 
identity with complement of the lytic factors, 
contributed by fresh serum, was investigated. 

Results. Serum which had been frozen at 
—20°C for 6 months and serum inactivated by 
heating for 45 min. at 56°C were equal to 
fresh serum in providing cytotoxic activity 
when combined with specific antibody. This 
undiminished potency of heat-inactivated se- 
rum has been observed in hundreds of tests. 
Actually the activity of serum withstood heat- 
ing to 71°C for 30 minutes but 30 minutes at 
73°C resulted in total loss of activity. Sub- 
sequently serum was separated into euglobu- 
lin and pseudoglobulin fractions; the C’1 and 
C’3 containing euglobulin was inactive while 
the pseudoglobulin, containing C’2 and C’4, 
carried all the activity. Treatment of serum 
with ammonia under conditions known to in- 
activate C’4 and with zymosan in a manner 
which effects removal of C’3(18), did not ad- 
versely affect the cytolytic activity. 

While seeking to determine whether com- 
plement was involved in the cytolytic effect, 
the requirement for calcium and magnesium 
ions was examined. Normal serum was sub- 

t Apparatus: Spinco Model CP. 
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jected to protracted dialysis against distilled 
water. Except for calcium and magnesium 
the salt concentration of the dialyzed serum 
was restored. Different amounts of calcium 
and magnesium were then added; these were 
without effect on the cytolytic events. How- 
ever, when the concentration of calcium was 
increased to an amount well above that pres- 
ent in serum, cytolysis was totally suppressed. 
This effect was obtained also with barium and 
strontium but not with a considerable number 
of other divalent cations. 


These findings clearly showed that the lysis 
of HeLa cells was caused by accessory factors 
in serum other than complement. Conse- 
quently a system or mechanism different from 
any hitherto described was operating to bring 
about cytolysis. The magnitude of the lytic 
effect was of such proportions as to render it 
inconceivable that the factor or factors re- 
sponsible for final fragmentation of the cell 
could exist in serum in an active state. This 
is self-evident, from the fact that these cells 
normally are propagated in the presence of 
serum. It was therefore postulated that acti- 
vation of the accessory mechanism involved 
release from the influence of an inhibitor. Such 
release was assumed to occur as a consequence 
of the antigen-antibody reaction known to 
take place on the cell surface. Antigen-anti- 
body reactions are influenced by van der 
Waals’ forces; a mutual partial discharge of 
the reacting molecules occurs, leading to a de- 
crease of solubility. Inasmuch as many types 
of antigen-antibody reactions on the surface 
of cells lead to these same consequences it 
was visualized that changes in the physical, 
rather than the chemical state, were involved. 
The forces which release lytic activity from 
initially inert serums are therefore likely to 
be relatively weak, possibly involving shifts in 
colloidal-chemical equilibria. Application of 
physical forces such as an electrical field and/ 
or changes of ionic environment might there- 
fore effect the same changes. If this were the 
case, and if the lytic factor could be prepared 
in an active state freed from its inhibitor, one 
would expect that the lytic factor itself would 
produce lysis even in the absence of antibody. 
Whatever the ultimate explanation, it was con- 


sidered worthwhile to attempt the separation 
of the active lytic factor and its inhibitor. 
Toward this end serum was subjected to con- 
tinuous curtain electrophoresis. With M/150 
phosphate buffer at a pH of 7.9 a fraction was 
obtained which migrated slightly faster than 
albumen. Of the 25-30 fractions collected 
from each run only this fraction was found to 
exert lysis of HeLa, Detroit-6, heart, and 
conjunctiva cells all of which are known to 
possess atypical (malignant) properties. How- 
ever, the same fraction had no discernible ef- 
fect on freshly established cultures of dog 
kidney and testes; monkey kidney (second 
generation); rabbit spleen suspension; and 
human and sheep erythrocytes before or after 
sensitization with isoantibody and ambocep- 
tor, respectively. 

The isolated cytolytic factor (CF) could be 
further purified by electrophoresis. It was 
readily adsorbed on calcium phosphate gel, 
BaSO,, kaolin, Bentonite, polyvinyl chloride, 
and on CMC and DEAE cellulose. However, 
attempts to elute CF from these adsorbents 
were unsuccessful. The activity of CF was 
suppressed by calcium ions at levels of 0.5- 
1.0 mg/ml. Heating to 73°C for 30 minutes 
destroyed CF, but 71°C for 30 minutes was 
tolerated. Addition of whole serum to CF 
stoichiometrically inhibited its cytolytic effect, 
presumably as a consequence of excess of re- 
active inhibitor. 


CF could be inhibited completely by a sin- 
gle serum fraction (CFI) precipitated from 
whole serum by decrease in ionic strength to 
0.01 at a pH of 7.9. This fraction was rela- 
tively homogeneous by electrophoretic criteria. 
An inactive complex consisting of CF and in- 
hibitor (CFI) could be prepared by mixing 
the 2 fractions and allowing them to stand at 
O°C for 20-40 hours. The inactive complex 
thus obtained exerted no cytolytic effect. 
However, addition of specific antibody to this 
inactive complex resulted in full cytolysis. 
The cytolytic system, as it was first observed 
with whole serum and specific antibody, could 
thus be reconstituted. This sequence of 
events in the interaction of antibody, cell, and 
the CF : CFI complex may be depicted as fol- 
lows: 
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Sehema for immune activation of CF 
A Ae C ————~ AC (intermediate) 
CF:CFI ——_—+ CF + CFI 
CF + C———> lysis 
<—\— Cat? 


Key: A = antibody; C = cell surface; CF = 
cytolytic factor; CFI = cytolytic factor inhibitor. 


Specific antibody reacts with receptors on 
the cell surface resulting in a complex which, 
provided the cell exhibits active pinocytosis, 
is rapidly brought inside the cell. Thus the 
antigen-antibody complex is exposed only mo- 
mentarily to factors present in the environ- 
ment of the cell. The specific antigen-antibody 
reaction effects the release of CF from its na- 
tive state of combination with inhibitor. The 
CF thus liberated at the cell surface causes a 
reaction, the results of which are immediate 
cessation of the movements of cytoplasmic 
granules and subsequent fragmentation of the 
cell. In the presence of Ca-ions, at levels well 
above the physiologic, CF no longer exerts 
these effects. 

Many investigators have observed cyto- 
toxic effects of serum on tumor cells; some 
of these observations extend back many years. 
In most instances, if not all, the heat-labile 
factors and the mechanism of the effect were 
not known. For the following reasons it is 
clear that the test system employed in the 
present work was not influenced by any of the 
previously reported serum activities: a) CF is 
not inactivated at 56°C; b) the cell strains 
used were propagated in a medium containing 
whole serum; c) whole serum by itself caused 
no lytic effect, indeed, serum suppressed the 
lytic effect of CF. 

The interaction of CF and CFI in conjunc- 
tion with the reactions of antigen-antibody 
has led to the recognition of a lytic system 
which had not been described heretofore. The 
information on CF as part of a biologic system 
is presently insufficient for the full interpreta- 
tion of its significance. It is nonetheless ap- 
parent that a factor with these distinctive 
properties could have important implications 
for the reaction of the host to neoplasia. 


Summary. Human serum was shown to 
contain a cytolytic factor coupled to an in- 
hibitor. The lytic factor could be released by 
antibody specific to structures on the surface 
of human tumor cells. This factor could also 
be dissociated from its inhibitor by dialysis 
and obtained in a relatively pure state follow- 
ing electrophoresis. It then displayed a lytic 
effect on 4 established cell strains of human 
origin. 
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For approximately 15 years, the problem of 
fragmentation of foreign antigens after injec- 
tion, and the role of such fragments in im- 
mune responses has been of interest to us. 
Much of the original basic research work has 
been reviewed by Campbell and Garvey (1) 
and speculations and theories regarding the 
significance of such fragments have been pre- 
sented by Campbell(2). If these antigen 
fragments play a role in immune mechanisms 
and antibody formation, then regardless of 
what theory of antibody formation one pre- 
fers, certain consequences can be expected. 
For example, one would predict that since the 
actual specific antigenic determinant is rela- 
tively a small part of the total molecule, anti- 
gen fragments should present determinants 
which do not occur on the surface of the na- 
tive antigen molecule. Consequently, anti- 
bodies would be formed against internal struc- 
tures of the native antigen molecule which do 
not occur on the surface of the native antigen 
molecule and would not be detected when an- 
tiserums were tested with the native intact 
antigen. Antibodies to such internal molecu- 
lar structures (“hidden determinants’’) could 
be detected only by tests with partially de- 
graded antigens. The problem is complicated 
by the fact that im vitro degradation might be 
different from that which occurs in the body 
and that simple inhibiting haptens might be 
formed. Lapresle and his collaborators(3) 
have shown that antibodies are produced 
against digested proteins which are not pres- 
ent in antiserums against native proteins, but 
the question arises as to the significance of the 
difference, and whether the difference in speci- 
ficity is an artifact as a result of im vitro di- 


* The authors wish to thank Dr. W. E. Vannier 
for advice and interest. This work was supported 
by a grant from Nat. Inst. of Allergy and Infect. Dis. 

+ Permanent address, Nat. Inst. of Health, Tokyo, 
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t Fulbright Fellow, premanent address, The Nat. 
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gestion. Probably the first evidence of “hid- 
den” antigenic determinants on a molecular 
level was shown by Bartel and Campbell (4) 
using a dissociable hemocyanin as an antigen. 
Their data demonstrated that antiserums from 
rabbits immunized with hemocyanin con- 
tained antibodies which reacted with the dis- 
sociated molecular units, but not with the in- 
tact associated hemocyanin molecule. Our 
investigation was undertaken to see if an an- 
tigen such as bovine serum albumin (BSA) 
could be broken down in vitro into fragments 
which would react with rabbit anti-BSA se- 
rums that had been absorbed with intact na- 
tive BSA. The results of these experiments 
are of a preliminary nature, but are very pro- 
vocative and clearly suggest the reality of 
“hidden” valencies in immune mechanisms. 
Materials. Our studies deal with crystal- 
line BSA (Armour and Co.) and rabbit anti- 
BSA serums. Degraded BSA was prepared 
by digestion with crystalline pepsin (Worth- 
ington Biochemical Corp.) as will be de- 
scribed later. Anti-BSA serums were pre- 
pared by immunization of rabbits with 
BSA following 4 different schedules. The 
6 rabbits of the first group were injected intra- 
venously with 10 mg BSA in saline 3 times a 
week for 6 weeks. The 3 rabbits of the second 
group were immunized with the same antigen 
3 times a week for 8 weeks. The 4 rabbits of 
the third group were immunized by intrave- 
nous injections 4 times a week for 4 weeks 
with increasing amounts of a neutral suspen- 
sion of alum precipitated BSA. The 3 rabbits 
of the fourth group were immunized with 
BSA suspended in Freund’s adjuvant, and 
12.5 mg of protein was injected subcutane- 
ously once a week for 8 weeks. These rabbits 
were bled 7 days after the last injection. The 
amount of anti-BSA in these antiserums, de- 
termined by quantitative precipitin analysis, 
is shown in Table I. The antibody against in- 
tact BSA molecules in these antiserums was 
absorbed with BSA. An amount of BSA cor- 
responding to the equivalence point was added 
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TABLE I. Reactions between Absorbed Anti- 
serums and Fractions of the Digested BSA. 


Reactions with absorbed 
antiserums 
-PCA——, 
raction 
BSA 1 2 


-— Ring test 


fraction 


1 2 


Rabbit No. 


anti-BSA, 


mg/ml 


Cone. of 


BSA 


+ | Group* 


+++ +4+4++4++4 
| 
| 


oO 
26 2 
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bale 


| | 


bo 
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* Group 1 and 2, immunized with BSA in saline 
(see text); Group 3, immunized with neutral sus- 
pension of alum precipitated BSA; Group 4, im- 
munized with BSA suspended in Freund’s adjuvant. 
to each antiserum. After 48 hours at 4°C, 
the specific precipitates were centrifuged off. 
The supernatants were tested for presence of 
anti-BSA and of BSA by ring test. The anti- 
body was not detected in any supernatant, 
although a trace of BSA was present in some 
of them. These supernatants are the absorbed 
antiserums used in subsequent experiments. 
Purified anti-BSA was prepared by dissocia- 
tion of specific BSA-anti-BSA precipitates (5). 
The gamma globulin fraction of anti-BSA se- 
rum was first removed by precipitation with 
ammonium sulfate, at 14 saturation (pH 7.8), 
and purified by repeated precipitation. The 
final precipitate was redissolved in saline, and 
dialyzed against borate buffered saline at pH 
8.4. After dialysis the antibody was precipi- 
tated at the equivalence point with BSA. 
After 24 hours at 4°C, the precipitate was re- 
moved, washed 3 times with and resuspended 
in saline. The pH of the suspension was ad- 
justed to 3.2. After shaking for one hour at 
room temperature to dissolve the precipitate, 
the insoluble residue was removed by centri- 
fugation in a Spinco preparatory centrifuge 
at 78,000 g for one hour. The supernatant 
was fractionated with saturated sodium chlor- 
ide at the same pH. The precipitate was dis- 


solved in and dialyzed against a borate buffer 
of pH 8.4. Nitrogen content in the final 
preparation was 0.11 mg N/ml. About 60% 
of the total protein was precipitable with 
BSA at the equivalence point. 

Results. Degradation of BSA and separa- 
tion of antigen fragments reacting with ab- 
sorbed antiserums. A degraded preparation 
of BSA was prepared by pepsin digestion. A 
1% solution of BSA in saline was adjusted to 
pH 4.2, and 1 mg/ml of crystalline pepsin was 
added. The solution was allowed to stand 
for 24 hours at room temperature. To pre- 
vent further peptic digestion, the solution was 
heated to 58°C for 45 minutes and filtered to 
remove the coagulated protein. The solution 
was then adjusted to pH 8.6, and dialyzed 
against several changes of saline for 3 days 
at 4°C. The preparation was then layered 
on absorbed antiserums from Group 1 rabbits, 
and on normal rabbit serums as a control. 
After one to 2 hours white rings appeared at 
the interfaces with absorbed antiserums, 
whereas such a reaction was never observed 
with normal serums. On the other hand, it 
was found that the absorbed antiserums did 
not give any reaction with 0.01 to 10 mg/ml 
of BSA layered on the antiserums. These re- 
sults suggested that anti-BSA rabbit serums 
contained some antibody which reacted with 
digested BSA, but not with intact BSA mole- 
cules. 

In view of this result, and the fact that the 
digestion product was very heterogeneous, at- 
tempts were made to separate the solution of 
digested BSA by starch block electrophoresis 
and to study the various fractions. Zonal 
electrophoresis on a starch block was carried 
out in the usual manner, using barbital buffer 
(pH 8.6, » = 0.1). The solution of digested 
BSA was concentrated by pervaporation at 
4°C and dialyzed against saline. Protein con- 
centration of the preparations was about 3%. 
A volume of about 7 ml of each sample was 
allowed to migrate on starch for about 19 
hours at 300 volts. The starch block was 
then cut into one cm segments, and each seg- 
ment was eluted with 7 ml of saline. Each 
eluate was tested for protein concentration by 
the biuret reaction(6), and for the presence 
of antigen by ring test with the absorbed 
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#Q PROTEIN N/ml. ELUATE 


10 20 30 40 
Eluate No. 


‘Oo 


#9 NITROGEN PRECIPITATED 


0 0625 25 10 40 


ug antigen added 


FIG. 1. Starch electrophoretic pattern of digested BSA. (1) represents Fraction 1 (No. 24 
to No. 30). (2) represents Fraction 2 (No. 18 to No. 21). Plus represents presence of reactive 
substance(s) against absorbed antiserums. Arrow indicates the origin. 


FIG. 2. Inhibition of the BSA-anti-BSA precipitin reaction with Fraction 2. 


Curve 1 repre- 


sents precipitin curve between BSA and anti-BSA. Curve 2 represents precipitin curve in 


presence of Fraction 2. 


antiserums of Group 1. A _ representative 
starch block electrophoresis pattern is shown 
in Fig. 1. Several eluates that had a mobility 
greater than the highest peak, definitely re- 
acted with the absorbed antiserums. These 
eluates (from 23-30 cm) were pooled and 
designated as Fraction 1. The eluates from 
the segments corresponding to the highest 
peak were pooled separately and designated 
Fraction 2. By ring test, Fraction 1 gave a 
definite reaction with the absorbed antise- 
rums, whereas it gave no reaction with either 
specifically purified anti-BSA or normal rab- 
bit serum. To study the possibility that the 
reactive substance in Fraction 1 might be 
pepsin, heated pepsin was tested for reactivity 
with the absorbed antiserums. A saline solu- 
tion containing 1 mg/ml of pepsin was heated 
at 56°C for 30 minutes, and 2-fold dilutions 
of the solution were layered on the absorbed 
antiserums. However, no positive ring tests 
were observed in any of the tubes, indicating 
that the reactive substance in Fraction | was 
not pepsin. The digestion of BSA and frac- 
tionation of the degraded material by starch 
block electrophoresis was repeated 9 times. 
The antigen fragments reactive with the BSA- 
absorbed antiserum were always detected only 
in the eluates from similar segments of the 
starch block, as described above. 


In some preparations Fraction 2 contained 
materials that gave positive ring tests with 
specifically purified anti-BSA. In other prepa- 
rations, however, Fraction 2 did not give re- 
action with the purified anti-BSA. It became 
apparent that Fraction 2 of these preparations 
contained substances which inhibited the 
BSA-anti-BSA precipitation. 0.25 ml volumes 
of Fraction 2 were added to equal volumes of 
anti-BSA serum. After 15 minutes at room 
temperature, 0.5 ml volumes of 2-foid dilu- 
tions of BSA were added and incubated for 
48 hours at 4°C. The precipitates were cen- 
trifuged, washed 3 times with cold saline, and 
precipitated nitrogn was determined. The 
BSA-anti-BSA precipitates at the equivalence 
point, and especially in the region of antigen 
excess, were decreased by the addition of 
Fraction 2 (Fig. 2). 

To get some idea of the properties of the re- 
active antigen in Fraction 1, the digested ma- 
terial, without further purification by starch 
block electrophoresis, was analyzed by free 
boundary electrophoresis, using barbital buf- 
fer (pH 8.6, » = 0.1). The mobility of the 
highest peak was —6.9 x 10° cm? voltsec*t, 
which is the same as the mobility of intact 
BSA. As the Fraction 1 migrates faster than 
the highest peak (Fraction 2) in starch block 
electrophoresis, the mobility of the reactive 
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antigen in Fraction 1 is probably faster than 
the intact BSA. This finding suggested that 
the antigen is the fragment of a BSA mole- 
cule. 

Dependence of the presence of antibody re- 
active to Fraction 1 on immunization sched- 
ule. The absorbed antiserums from Group 1, 
2,3, and 4 rabbits were tested for the presence 
of antibody against the degraded BSA (Frac- 
tion 1 and 2) by ring test. The results are 
shown in Table I. All absorbed serums from 
Groups 1 and 2 gave definite reactions with 
Fraction 1, whereas none of the absorbed se- 
rums from Groups 3 and 4 reacted. 

The gamma globulin fractions of the ab- 
sorbed antiserums from Group 1 were also 
tested for presence of antibody. The gamma- 
globulin fractions were obtained by precipi- 
tation 3 times with 4 saturation ammonium 
sulfate (pH 7.8). A definite reaction was ob- 
served with Fraction 1, but not with Fraction 
Be 

As the first appearance of the reaction by 
ring test takes a long time (1 to 2 hours) as 
compared with the BSA-anti-BSA reaction, 
the passive cutaneous anaphylaxis (PCA) re- 
action and a complement fixation test were ap- 
plied to detect antibody against the degraded 
substances. In the PCA reaction(7), guinea 
pig skin was sensitized locally with intrader- 
mal injections of 0.1 ml volumes of the ab- 
sorbed antiserums from Groups 1 and 2. 
Three hours later these guinea pigs were in- 
jected intravenously with Evans blue followed 
by intradermal injections of 0.1 ml volumes 
of Fractions 1 and 2, 0.1% of BSA solution, 
and 0.9% saline as control into the sensitized 
areas. The guinea pigs sensitized with the 
absorbed serums from Group 1 did not give 
reaction with either the fractions of digested 
BSA or intact BSA, while the guinea pigs 
sensitized with the absorbed serums of Group 
2 gave a definite reaction with Fraction 1. 

Complement fixation tests were performed 
by the method of the U.S. Army Medical 
School, using veronal buffer containing an 
adequate concentration of calcium and mag- 
nesium ion(8) in place of saline. The ab- 
sorbed antiserums of Groups 1 and 2 were 
tested using Fraction 1 and intact BSA (0.01 
mg/ml) as antigens. Three series of 2-fold 


dilutions of the antiserums were made with 
the buffer, and an adequate amount of com- 
plement was added to each tube. Fraction 1 
was added to the first series; to the second 
series intact BSA was added. To the third 
series an equal volume of buffer in place of 
the antigen was added as the antiserum con- 
trol. 

The complement fixation reactions between 
the absorbed antiserums and Fraction 1 were 
not definitely positive; however they were 
slightly different from the completely nega- 
tive results obtained both between the ab- 
sorbed antiserums and intact BSA or anti- 
serum control. 

Discussion. The results presented here in- 
dicate the presence of an antibody which re- 
acts with degraded BSA but not with the in- 
tact BSA molecules in some of the rabbit anti- 
BSA serums. The reactive antigen in the de- 
graded materials did not give reaction with 
the specifically purified anti-BSA, while the 
absorbed antiserums, which gave a reaction 
with the degraded substances, did not contain 
anti-BSA. These findings indicate that the 
specificity of the reaction between the de- 
graded substances and the absorbed antise- 
rums is quite different from that of the BSA- 
anti-BSA reaction. 

The appearance of the precipitin reaction 
(ring test) between the degraded substances 
and the antiserums absorbed with BSA took a 
long time (1 to 2 hours), and the white ring 
on the interface was not as sharp as that of 
the BSA-anti-BSA reaction. The possibility 
arises that the degraded materials might re- 
act with serum protein nonspecifically, and 
thus give a reaction. This possibility is un- 
likely because the degraded substances gave 
no reaction with normal rabbit serums. An- 
other possibility, which may explain the de- 
lay in appearance of the reaction, is the pres- 
ence of inhibitors in the digested material. 
Although the reactive antigen was partially 
purified by starch block electrophoresis, there 
might be some inhibiting substances present, 
such as simple haptens in the fraction, and the 
precipitation might be inhibited by them. 
Moreover, the reactive antigen in the de- 
graded material might not be the same frag- 
ment of BSA as that which would be present 
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in viVO, participating in formation of the anti- 
body as a template. In other words, the re- 
action between the degraded protein and the 
absorbed antiserums might be a kind of cross 
reaction. These might be the reasons why 
the reaction was weak and took a long time to 
appear. The positive PCA reactions with 
Fraction 1, but not with either Fraction 2 or 
intact BSA in the guinea pigs sensitized with 
the absorbed antiserums, also suggest the 
presence of antibody against fragments of an- 
tigen. 

The presence of antibody, directed toward 
the “‘hidden sites,” in the antiserums does not 
parallel the concentration of anti-BSA (Table 
I). The antiserums prepared by immuniza- 
tion with soluble antigen reacted with Frac- 
tion 1, whereas the antiserums prepared with 
either the alum-precipitated antigen, or the 
antigen mixed with Freund’s adjuvant did 
not, indicating that the presence of the anti- 
body relates to the properties of the antigen 
injected, and/or the schedule of immuniza- 
tion. These findings suggested to us that the 
rate of destruction of antigen im vivo might 
be delayed by addition of the adjuvants, and 
that production of antibody against the inter- 
nal structure of the antigen might have some 
relation to the process of antigen destruction. 


Summary. 1. Positive ring tests and PCA 
reactions were observed between pepsin-de- 
graded BSA and some of the BSA absorbed 
anti-BSA rabbit serums, suggesting the pres- 
ence of the antibody against antigenic deter- 
minants which are not on the surface of the 
native protein molecule. 2. The presence of 
the antibody to the “hidden sites” did not 
parallel the concentration of anti-BSA in the 
serum but rather seemed to be related to the 
state of the antigen used in the immunization, 
and to the immunization schedule. 
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Early Response of Plasma Volume, Red Cell Mass and Plasma Proteins 


To Massive Hemorrhage.* 


(25395) 


Morton D. PareirA, KENNETH D. SERKES AND STANLEY LANG 
Surgical Research Labs., Jewish Hospital, St. Louis, Mo. 


The response of blood volume and plasma 
proteins to massive hemorrhage in the rat has 
been reported(1). Measurements were made 
at 12, 24, 48 and 72 hours after bleeding. 
After hemorrhage of about 50% of measured 
blood volume, plasma volume was replenished 
within the first 12 hours. Arterial hematocrit 
was lowest at 12 hours, and although rising at 
72 hours after hemorrhage, had returned to 
only 67% of control level by that time. Plas- 


* Supported by Dept. of Army, Office of Surgeon 
General. 


ma protein concentration was fully restored 
by 48 hours, and was already 88.5% of con- 
trol value at 12 hours, which was the earliest 
post-hemorrhagic measurement made. Since 
it was apparent that major plasma volume 
and protein concentration changes occurred 
prior to 12 hours, the experiments have been 
repeated with measurements of circulating 
volumes and plasma proteins at 2, 4, and 8 
hours after hemorrhage. Such measurements 
were not made in the earlier study for 2 rea- 
sons. First, the purpose of that study was 
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to find a relatively stable experimental prepa- 
ration to evaluate tolerance to trauma after 
initial massive bleeding. In pilot studies after 
massive hemorrhage, maximum hemodilution 
occurred at 12 hours, and it was believed that 
12 hours was suitable for earliest determina- 
tions of the measured parameters. Secondly, 
there was no assurance that radiochromium 
tagged cells would be suitably mixed for re- 
liable volume studies in animals so recently in 
hemorrhagic shock. Our purpose here is 2- 
fold: 1) to report results of mixing time ex- 
periments to establish the validity of radio- 
chromium tagged red cell dilution technic in 
animals in hypovolemic shock and 2) to re- 
port results of measurements of plasma vol- 
ume, red cell mass and plasma proteins 2, 4, 
and 8 hours after massive, controlled hemor- 
rhage. 


Methods. Exp. I. To determine whether 
chromium 51 tagged red cell mixing was com- 
plete in animals in shock, so that measure- 
ments of red cell mass in such animals could 
be considered valid, the following experiment 
was performed. Rats were subjected to bila- 
teral hind limb tourniquet application(1). 
Duration of tourniquet application was 4 
hours, which produces a 75% mortality by 
48 hours after tourniquet release. Rate of 
fluid accumulation in the hind limbs after 
tourniquet release is greater during the first 
2 hours with a diminishing rate between that 
time and 4 hours. Three hours after tourni- 
quet release, when animals were in profound 
hypovolemic shock, tagged red cells were in- 
troduced into the circulation and various mix- 
ing times were allowed before sampling for 
red cell mass determinations. The mean red 
cell masses in groups of animals so treated 
were compared with the mean red cell mass of 
a normal control group. Exp. IJ. Details 
of methods for determination of red cell mass, 
plasma volume and plasma proteins have been 
described(1). Male rats of Holtzman Farms 
weighing 240 to 320 g were used. Light ether 
anesthesia was used throughout. Controlled 
hemorhage was performed for 3 to 5 minutes 
after cannulation of the femoral artery with 
a polyethylene catheter (PE #10) attached 
to a Luer-Lok adapter and fitted to 10 ml 


syringe. In previous experiments the syringe 
contained approximately 0.1 ml of sodium 
heparin (10 mg/cc), injected into the artery 
prior to blood withdrawal. It was observed 
in those experiments that animals continued 
to ooze from the site of arterial cannulation 
after blood withdrawal until volume deter- 
minations were made. Since this introduced 
a slightly variable hemorrhage rather than a 
completely controlled one, bleeding procedure 
was modified. The syringes were merely 
wetted with heparin and any excess heparin 
was expressed through the cannula prior to 
cannulation. At end of bleeding period, the 
syringe was disconnected from the adapter 
and about 0.1 ml of protamin sulfate (1% so- 
lution) was injected intraarterially via the 
cannula. The artery was then ligated and the 
incision closed with skin clips. The wounds 
were inspected and were bloodless at time of 
volume measurements (2, 4, and 8 hours after 
hemorrhage). The controlled hemorrhage 
was 2.5 ml/100 g of body weight. Body 
weight, hematocrit, plasma protein concentra- 
tion and red cell mass were determined in 
non-hemorrhaged control group and at 2, 4, 
and 8 hours after hemorrhage in experimental 
groups (one group of animals at each time). 
Blood volume, plasma volume and grams of 
circulating protein/100 g of body weight were 
then calculated for each determination. 

Results. Exp. I. Reliability of the chro- 
mium 51 red cell tagged dilution method for 
measuring red cell mass in shocked animals is 
demonstrated by the fact that no difference is 
evident in the red cell mass as measured in 
tourniquet shocked animals when 15, 30 and 
60 min are allowed for mixing of tagged cells, 
or between these values and those of control 
animals (Table I). The hematocrit of shocked 
animals is greatly elevated over hematocrit 
readings of non-shocked animals due to plas- 
ma loss in the former. 


Exp. II. Plasma volume continued to rise 
following hemorrhage throughout period of ob- 
servation (Table II). Significantly, it was 
93% of control value at 2 hours, 101% of 
control at 4 hours and 108% at 8 hours after 
hemorrhage. Concomitant with this finding, 
the hematocrit reached its lowest value at 8 
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TABLE I. Measurements of Red Cell Mass in Tourniquet Shocked Rats. 
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Treatment Wt Hematoerit Red cell mass pt 
Control i (6) 216.34 9,94* 46.5 + 1.05* POS aie alley 
15 min. mixing (8) 206.2 + 11.12 66.8 + 2.28 2.60 + .13 p20 
30 G a (7) Wess yey? 64.4 + 1.93 DOlg = ello 02° p <.09 
60 % (5) Wy Sas 12) 66.6 + 1.34 2.56 + .09 50 <p < .70 
* Stand. dev. 7 Comparison of means by Student ‘‘t’’ analysis. ( ) = No. of animals 


hours. Red cell mass showed no tendency 
toward replacement during period of observa- 
tion. 

Plasma protein concentration rose from its 
lowest level at 2 hours to reach 87% of con- 
trol level at 8 hours. In spite of super-normal 
plasma volume at 8 hours total blood volume 
remained considerably below control value 
(81%) due to reduced red cell mass. 

The calculated amount of plasma proteins/ 
100 g of body weight, although less than the 
control value throughout the observation pe- 
riod, showed a considerable increase during 
the first 2 hours and in the last 4 hours of the 
experiment. Since approximately 50% of 
plasma protein was removed with the hemor- 
rhage, the 73% of control value at 2 hours 
represents a sizeable inflow of protein as does 
the 92% of control value at 8 hours (as com- 
pared with the 73% at 4 hours). 

Discussion. The present series of measure- 
ments at 2, 4 and 8 hours post-hemorrhage fits 
very well with previously recorded 12, 24, 48, 
and 72 hour series(1). From the earlier in- 
vestigation it was not possible precisely to 
identify the time of greatest plasma dilution 


or lowest hematocrit level. This occurred be- 
tween 8 and 12 hours. Value for the hema- 
tocrit at 8 hours was 64% of control and that 
of the 12 hour group 58% of control. The 
24 hour hematocrit in the earlier study showed 
a rising value. Plasma volume is seen to have 
reached its maximum value by 8 hours and 
then remained stationary. The low point of 
hematocrit, therefore, coincides with maxi- 
mum plasma volume and is uncomplicated by 
changes in red cell mass since there is little 
evidence of increase in red cell mass until 24 
to 48 hours after hemorrhage. 

There is no evidence for or against the pos- 
sibility that sequestered red cells, not meas- 
ured by the chromium dilution, are introduced 
into the circulation during hemorrhage or im- 
mediately thereafter. If such an event took 
place and was reversed sometime after hemor- 
rhage (i.e., when circulating volume was again 
adequate), a falling red cell mass might be 
evidenced in measurement sometime after the 
hemorrhage. The slightly lower red cell mass 
observed at 4 and 8 hours as compared with 
the 2 hour observation could be construed to 
support such a series of events. The theoreti- 


TABLE II. Volume, Hematocrit and Plasma Protein Values in the Rat before and at 2, 4, and 
8 Hours after Rapid Withdrawal of 2.5 ml Whole Blood per 100 g Body Weight. 


Measured values 


Calculated values 


Plasma Plasma 
Initial body Red cell mass, proteins, proteins, Total blood Plasma vol, 
wt, g Hematocrit ml/100¢ g/100 ml g/100g_~—svol, m1/100g_ ml1/100¢ 
Control animals (N =7) 
Q746--17.3 4834-111 2.524 .15 6.34 + .346 yp se OO Bee sl al) ae oils) 
(100%) (100%) (100%) (100%) (100% ) (100%) 
2 hr post hemorrhage (N = 6) 
Di) 2 yh RE ee, Se RS ae ols) 126+ .009 3890+ .16 2554.14 
(71.8%) (53.6%) (76.8%) (73.3% ) (74.7%) (94.4%) 
4hr post hemorrhage (INE = Cy) 
277.0 = 12.8 32.0 - 1:93 130+ .07 4,59 + .22 126 + .016 4.07 = .39 2.0 eae 
a (66.3%) (51.6%) (72.4%) (73.3%) (78.0%) (102.6%) 
8 hr post hemorrhage (N —= 9) 
OO ds -) Slelist= 2250) 1.31 s- 510, 5.51 a 222 158 + .009 4.22 25 12 2.91 fh .o2 
= (64.3%) (52.0%) (86.9%) (91.9%) (80.8%) (107.8%) 


12 RESPONSE TO SALINE FOLLOWING SHOCK 


cal remaining red cell mass following hemor- 
rhage should have been 1.35 ml/100 g of 
body weight. This was the exact value found 
at 2 hours after hemorrhage. But it was 1.30 
and 1.31 ml/100 g of body weight at 4 and 8 
hours respectively after hemorrhage. 

Plasma protein concentration forms a con- 
tinuous function through the 2 series. In this 
series the plasma protein concentration was 
rising, reaching 87% of control value at 8 
hours. Previously, it was 88.5% of control 
at 12 hours, 95% at 24 hours and equal to 
control value at 48 hours post-hemorrhage. 

Total calculated protein content at 12 
hours was 96% of control value. In the pres- 
ent study it was about 92% of control at 8 
hours. The pattern of protein replenishment 
seems to have an early and late component. 
For example, the theoretical protein content 
after hemorrhage should have been 92 mg/100 
g of body weight (control was 174 mg/100 g 
of body weight). At 2 hours post-hemorrhage 
it was 124 mg/100 g, a net gain of 32 mg/100 
g or a 20% higher value than expected if no 
protein replacement had occurred. During 
the next 2 hours there was no change in total 
protein content, in spite of plasma volume 
gain. At 8 hours, however, the protein con- 
tent had risen to 160 mg/100 g: an inflow of 
about 40 mg/100 g and a value 22% above 
that at 4 hours. This would seem to indicate 
a 2-phase plasma protein replacement, an im- 
mediate and a delayed one. The immediate 
plasma protein replacement is insufficient to 
restore concentration, while the slower proc- 


ess not only restores but exceeds the control 
level in terms of absolute amounts of plasma 
protein. The concentration does not, how- 
ever, exceed the control value, suggesting a 
fine regulatory mechanism. 

Summary. 1) The chromium 51 red cell 
tagged dilution method is valid for measuring 
red cell mass in the presence of hypovolemic 
shock as no difference was found in red cell 
mass measured in tourniquet shocked animals 
when 15, 30 and 60 minutes were allowed for 
mixing of tagged cells, or between these values 
and those of control animals. 2) The re- 
sponse of blood volume compartments and 
plasma proteins to acute withdrawal of 50% 
of circulating blood volume has been deter- 
mined at 2, 4, and 8 hours after hemorrhage. 
Plasma volume is restored to 100% of the 
control within 4 hours and is 108% at 8 hours 
post-hemorrhage. Despite the elevated 
plasma volume, total blood volume remains 
well below the control, due to persistent red 
cell mass deficit. Changes in hematocrit in- 
versely reflect plasma volume changes. Plasma 
protein concentration is restored to 87% of 
control by 8 hours. Protein replacement 
seems to occur in 2 stages. An immediate re- 
sponse is evident within the first 2 hours and 
a delayed response begins at 4 hours after 
blood withdrawal and extends over a 48 hour 
period. 


1. Pareira, M. D., Serkes, K. D., Lang, S., Am. 
J. Physiol., 1959, v197, 786. 
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Response of Acutely Starved and Chronically Undernourished Rats to 


Saline Therapy Following Tourniquet Shock.* 


(25396) 


KENNETH D. SERKES, STANLEY LANG AND Morton D. ParEIRA 
Surgical Research Labs., Jewish Hospital, St. Louis, Mo. 


We previously demonstrated that a tourni- 
quet trauma of sublethal magnitude in nor- 
mal rats produced a mortality rate in acutely 
starved rats which correlated with degree of 
* Supported by Dept. of Army, Office of Surgeon 
General. 


weight loss(1). Thus, there was 42% mor- 
tality in rats acutely starved to 80% of ini- 
tial body weight and 100% mortality in rats 
acutely starved to 70% of initial body weight. 
A method for infusion treatment of tourniquet 
shock in the normal rat was later presented 
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(2). This method consisted of slow adminis- 
tration of intravenous fluid over period of 
greatest fluid loss from the circulating vol- 
ume. This slow uniform rate of infusion al- 
lowed achievement of higher survival rates at 
lower infusion volumes than had _ previously 
been reported in the rat. Survival rates were 
reported in normal rats at different levels of 
fluid replacement using normal saline, human 
plasma, 6% dextran in normal saline and 6% 
dextran in glucose in water. The present 
study is concerned with survival after saline 
infusion therapy in acutely starved and 
chronically undernourished rats with appro- 
priate controls subjected to tourniquet shock. 

Methods. Male albino rats of Holtzman 
Farms were maintained in air-conditioned lab- 
oratory on Purina rat chow and water ad lib. 
until start of experiments. Under each ex- 
perimental condition, animals from each 
group served as untreated controls. Exp. 1. 
Acute starvation. (Saline infusion of 7 ml/ 
100 g body weight.) Three groups of 16 ani- 
mals each were used. At 9 a. m. on first day 
of experiment, 2 groups weighing 270-310 g 
had food withdrawn and at noon all animals 
were weighed to nearest 1% g on triple beam 
balance. This represents initial body weight. 
Group I (acute starvation group) received no 
food but water ad lib. until conclusion of ex- 
periment. Starvation period was 4 days, when 
their average was 78% of initial body weight. 
Group II (large control) was returned to 
cages and allowed food and water ad lib. 
Both groups were weighed daily thereafter. 
Group III (small control) animals continued 
food and water ad lib.; on day of tourniquet 
trauma their average weight corresponded to 
average weight of acutely starved group (ca 
221 g). This group was intended to control 
any difference in response to therapy due to 
weight alone. Approximately 16 hours prior 
to application of tourniquets, food but not 
water was removed, (Groups II and III). On 
morning of experiment the animals were again 
weighed, anesthetized and bilateral hind limb 
tourniquets applied for 41% hours. This dura- 
tion of tourniquet trauma has been previously 
shown to be lethal to at least 96% of un- 
treated controls in the 200-250 g weight range 
(2). At time of tourniquet release, animals 


were again anesthetized and a polyethylene 
catheter introduced into right jugular vein for 
administration of normal saline solution. In- 
fusion was begun 1 hour after release of tour- 
niquets, and rate of infusion so timed that 7 
ml of solution was administered/100 g of 
body weight for 3 hours + 17 minutes. Then 
the vein was ligated and the neck closed with 
skin clips. Animals were then returned to 
cages where food and water were available. 
Survival was recorded at 24 and 48 hours after 
tourniquet release(2). Exp.2. Acute starva- 
tion. (Saline infusion of 15 ml/100 g body 
weight.) The experiment was repeated using 
this higher level of fluid replacement on each 
of 2 days. The results for each day and the 
combined results are indicated in the Table. 
Exp. 3. Chronic undernutrition. (Saline in- 
fusion of 7 ml/100 g body weight.) Three 
groups of 16 animals each were again used. — 
Group I started in same weight range as in 
acute starvation experiments (260-310 g). 
Over 35 days they were given submaintenance 
amounts of Purina Lab. rat chow daily in such 
restricted amounts that at 35 days the animals 
were at 77.4% of their initial body weight 
(217 g). Group II (large control) also 
started in same weight range but allowed food 
and water ad lib. and at time of tourniquet 
trauma weighed 363.5 g. Group IIT (small 
control) was again a smaller group of rats al- 
lowed food and water ad lib. so that at trauma 
their average weight was in the same range 
as that of chronically undernourished group 
(215.9 g). All groups were submitted to 41% 
hour bilateral hind limb tourniquet trauma. 
One hour following tourniquet release they 
received infusion of 7 ml normal saline/100 g 
body weight for 3 hours. Twenty-four and 
48 hour survivals were recorded for all groups. 
Untreated controls were selected from each 
group. Exp. 4. Acute starvation compared 
to chronic undernutrition. (Saline infusion of 
7 ml/100 g body wt.) A group weighing 260- 
310 g were placed on submaintenance diet of 
Purina rat chow so that over 35 days they 
gradually lost weight to approximately 80% 
of initial body weight. Four days before an- 
ticipated arrival of first group at the selected 
weight level, another group of equal size and 
in the same initial weight range was weighed 
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TABLE I. Survival in Acutely Starved Rats and Fed Controls following 4% Hr Bilateral Hind 
Limb Tourniquet Trauma and Normal Saline Infusion of 7 ml/100 g Actual Body Weight 


(GEE 
24 hr —~ ——— 48 hr ——_,, 
Avg wt(g) Lived Died Survival % Lived Died Survival % 
Group I (acute starvation) % 
Treated 221.2 (77.9)* 3 8 27 0 11 0 
Untreated 224.5 (77.8) 0 4 0 0 + 0 
Group II (large control) 
Treated 282.9 ital 0 100 11 0 100 
Untreated 283.8 1 3 25 0 4 0 
Group III (small control) 
Treated 241.1 11 it 93 9 3 75 
Untreated 235.5 0 4 0 0 4 0 


* % of initial body wt. 


for initial body weight and thereafter given 
water but no food. On day of tourniquet 
trauma this group also weighed approximately 
80% of initial body weight. On day of tour- 
niquet trauma both groups were submitted to 
bilateral hind limb tourniquet application of 
4% hours duration. Beginning 1 hour after 
tourniquet release all animals were infused via 
right jugular vein with 7 ml normal saline 
solution/100 g body weight for 3 hours. 
Twenty-four and 48 hours survivals were re- 
corded for both groups. Untreated controls 


were included for each group. The experiment 
was performed on 3 different days. Results for 
each day and combined results are indicated 
in Table IV. 

Results. Infusions of 7 ml/100 g body 
weight of saline protected normally fed ani- 
mals from death produced by tourniquet 
shock, but not animals acutely starved (Table 
I). When 15 ml saline/100 g body weight 
was given, survivors under acute starvation 
increased to 75% (Table II), while all treated 
control animals survived (Table II). Chroni- 


TABLE IT. Survival in Acutely Starved Rats and Fed Controls following 4144 Hr Bilateral Hind 
Limb Tourniquet Trauma and Normal Saline Infusion of 15 m1/100 g (xp. 2). 


i 24 hr — 48 hr ~ 
Avg wt(g) Lived Died Survival % Lived Died Survival % 
Group I (acute starvation) % 
Treated Day 1 209.8 (73.7)* 5 J 4 2 
ee 231.8 (77.9) 5 il 5 1 
Total 10 2 83 9 3 75 
Untreated Day 1 205.5 (73.7) 0 2 0) 2 
ce Ae 226.2 (77.7) 0 2 0 2 
Total 0 4 0 0 4 0) 
Group II (large control) 
Treated Day 1 291 6 0 6 0 
oP 289.7 6 0 6 0 
Total 12 0 100 12 0 100 
Untreated Day 1 293 1 1 1 1 
pine 298.5 1 a 1 1 
Total 2 2 50 2 2 50 
Group ITT (small control) 
Treated Day 1] 220 6 0 6 0 
a es 221.2 6 0) 6 0) 
Total 12 0 100 12 0 100 
Untreated Day 1 211 0 4 0) 0 { 0 
2 221,2 0) 4 0) 0) 4 0) 
8 0 0 8 0 


Total 0 


* % of initial body wt. 
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TABLE ITI. Survival in Chronically Undernourished Rats and Fed Controls following a 4% Hr 
Bilateral Hind Limb Tourniquet Trauma and Normal Saline Infusion of 7 ml/100 g Actual 
Body Weight (Exp. 3). 


a — 


Avg wt(g) lived Died Survival % 


24 hr ————. > 48 hr ——___, 


Lived Died Survival % 


Group I (chronic under- % 
nutrition) 
Treated 217.8 (77.4)* 12 
Untreated 227.1 (82.8) 3 
Group II (large control) 
Treated 363.5 12 
Untreated 369.4 4 
Group III (small control) 
Treated 215.9 12 
Untreated 223.9 1 


0 100 12 0 100 
1 75 2 2 50 
0 100 12 0 100 
0 100 4. 0 100 
0 100 11 1 93 
3 25 1 4. 0 


* % of initial body wt. 


cally undernourished animals under treatment 
with 7 ml/100 g dose had survival rate com- 
parable to that of treated controls (Table 
IIl). Because of previously noted day to day 
variation in survival rates following tourni- 
quet shock treated by infusion therapy(2), 
survival rate of animals acutely starved was 
compared simultaneously with that of chroni- 
cally undernourished animals of same weight 
(Table IV). Higher survival rate of the lat- 
ter was significant (p<0.001 by chi square). 

Discussion. These experiments established 
that the response to tourniquet trauma fol- 
lowed by saline infusion therapy in chroni- 


cally undernourished rats is as good as in 
normally fed rat in the same weight range. 
It also demonstrates that both of these groups 
show considerably better survival than acutely 
starved rats whose weight was reduced to the 
same degree. 

The reasons for the difference are not clear. 
It could be suspected that the chronically un- 
dernourished group might have a relatively 
greater plasma or blood volume than the 
acutely starved group; however, we have pre- 
viously shown(3) that at this level of body 
weight loss, total blood volume and plasma 
volume are higher in acutely starved than in 


TABLE IV. Survival in Acutely Starved and Chronically Undernourished Rats following a 41% 
Hr Bilateral Hind Limb Tourniquet Trauma and Normal Saline Infusion of 7 ml/100 g Actual 
Body Weight (Exp. 4). 


i 24 hr =a ~————- 48 hr ———_,, 
Avgwt(g) Lived Died Survival% Lived Died Survival % 
Acute starvation % 

Treated Day 1 231.8 (78.4)* 11 1 8 4 
a? 242.3 (79.6) 8 5 4 9 
et 249.9 (79.8) 9 6 a 8 

Total 28 12 70 ily) 21 48 
Untreated Day 1 240.7 (79.5) 0 4 0 4 
eae 256.1 (80.4) aL 7 0 8 
POS 256.3 (81.7) 0 5 0 5 

Total 1 16 6 0 il 0 

Chronic undernutrition 

Treated Day 1 234.6 (80.3) 12 0 iil 1 
ae 229.6 (81.3) 13 1 10 4 
oS 235.2 (83.6) 16 0 14 2 

Total 41 il 98 35 7 83 
Untreated Day 1 237.0 (80.8) 4 0 3 1 
ee 236.2 (83.7) il rG 0 8 
Pane. 2332) Ch 9eL) i 5 1 5 

Total 6 12 33 4 14 929 


* &% of initial body wt. 
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chronically undernourished animal. Also, 
values for blood volume as percent of actual 
body weight were higher in the acute starva- 
tion group than the chronic undernutrition 
group. Serum protein concentration was es- 
sentially the same in both groups. 

The unexpected survival of some untreated 
controls in the undernourished group also 
lends support to the conclusion that in some 
way chronic undernutrition allows a signifi- 
cantly higher survival rate after tourniquet 
trauma than does acute starvation of the same 
degree. 


The difference in survival between acutely 
starved rats of Exp. 1 and 4, points to the 
variation inherent in such testing situations. 
We have previously demonstrated (2), in spite 
of rigid control of all obvious variables, there 
may be a sizeable day to day variation in sur- 
vival. This is probably due in some degree to 
the relatively small numbers of animals which 
can be tested on any one day and the fact 
that death of 1 or 2 animals exerts a large 
effect. Comparison between groups must be 
made simultaneously on the same _ experi- 


mental day and enough days should be de- 
voted to each experiment to produce signifi- 
cance of results. 

Summary. Experiments were performed to 
ascertain possible differences in survival fol- 
lowing tourniquet trauma and saline infusion 
therapy between rats chronically undernour- 
ished to 77.4-80.3%, and those acutely 
starved to 77-80% of initial body weight. It 
has been demonstrated that there is a sig- 
nificantly higher percentage of survival when 
chronically undernourished rats are infused 
with 7 ml normal saline solution/100 g body 
weight following an otherwise lethal tourni- 
quet trauma. Acutely starved rats are not 
protected by this level of replacement, but do 
show 75% survival when infused at level of 
15 ml saline solution/100 g body weight. 


1. Pareira, M. D., Sicher, N., Lang, S., Ann. Surg., 
1958, v147, 62. 

2. Serkes, K. D., Lang, S., Pareira, M. D., Surgery, 
1959, v45, 623. 

3. Pareira, Vi. DE Sicher, Ne vlaness Aan 
Arch. Surg., 1958, v77, 191. 
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A Rapid (24 Hour) Bioassay for Detection of Human and Mouse 


Tumor Factor. 


(25397) 


F. FRIEDMAN, R. KassEeL, L. Burton, M. L. Kapitan anp A. RotTtTiINo 
Hodgkin’s Disease Research Laboratories,* St. Vincent’s Hospital, N. Y. City 


A cell free factor has been extracted and 
refined from human and mouse tumor tissue 
(1,2). This factor, when injected into C3H 
(f) mice will induce a wide variety of tumors, 
1.€., parotid, mammary, and adrenal carcino- 
mas; soft tissue tumors; and leukemia(1,2). 
For convenience, this factor has been desig- 
nated as “Tumor Factor” (TF)(2). The 
method utilized for extraction and refinement 
of mammalian TF is the BFK (Burton-Fried- 
man-Kassel) procedure(2). This procedure 
is an adaptation of the method originally de- 
veloped for purification of the tumor inducing 
factor (TIF) present in the tu-e tumor strain 


* Supported by U.S.P.H.S. and Damon Runyon 
Memorial Fund for Cancer Research. 


of Drosophila melanogaster. Since both meth- 
ods were closely related, past experience in 
the study of “Drosophila tumors” extending 
over a period of 10 years, suggested that 
mammalian TF could produce, in Drosophila, 
the lesion already described in the literature 
as “Drosophila tumor’(3-10,12). Prelimi- 
nary data concerning the reaction of Droso- 
phila to refined mammalian TF indicated that 
Drosophila could be used as an assay animal 
for rapid detection of mammalian TF. This 
report is concerned with a description of the 
technics developed from expansion of the 
preliminary observations. 


Methods and materials. Drosophila hosts. 
The host line, wild 51-52, is a genetically sta- 
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ble and hardy strain. Under standard en- 
vironmental conditions, its survival rate is 90 
to 95%. The dissection of more than 20,000 
wild 51-52 larvae and imagos, many of which 
were examined histologically, demonstrated 
that the wild 51-52 line is a tumor free strain 
(7). No active TIF can be extracted from 
its larvae, pupae or adults(7). This strain 
is highly susceptible, however, to the tumor- 
inducing action of tu-e TIF (approximately 
30 other strains of Drosophila melanogaster 
were tested for reactivity to the tu-e TIF; 
none of these strains had any appreciable re- 
activity). Tumor cells have never been ob- 
served in histological sections of wild 51-52 
Drosophila larvae or adults which either had 
been injured or injected with control preps, 
i.e., Waddington’s salt solution, Tris (trime- 
thylol aminomethane) hydrochloride buffer, 
extracts of wild 51-52 larvae, dopa oxidase, 


tyrosine, tyrosinase, phenylalanine, phenol 
red, proteolytic enzymes (papain, carboxy- 
peptidase, chymotrypsin, trypsin), lipase, 


amylase, and nucleases (DNAase and RNA- 
ase) (8,9,10). Since 96 hr old larvae are most 
reactive(7), only hosts of this age were used. 
Such hosts are acquired and maintained by 
standard technics(11). Injection technics. 
The injection apparatus was essentially simi- 
lar to that described previously(7,12). How- 
ever, the micro-injection needles were pre- 
pared as described by Kassel and Rottino 
(13), except that the maximum diameter at 
the base of the hypodermic bevel was 30 mu. 
Since the microinjection needles may be pre- 
pared rapidly by Kassel’s technic, a new 
needle was used for each assay and used 
needles were immediately discarded. Host 
larvae were injected by refined injection pro- 
cedures(12). All pre- and_ post-operative 
procedures and injection technics have been 
described (4,5,7-10). Reading of Drosophila 
assay. Twenty-four hours post inoculation, 
the host larvae were removed from the culture 
medium, washed with distilled water, and ex- 
amined for presence of melanotic tumors. If 
present, the induced melanotic lesions(12) 
are readily detected under a binocular micro- 
scope at a magnification of 100 x. The le- 
sions induced by mouse and human extracts 
were found to be histologically similar to the 


tumor present in the fw-e spontaneous tumor 
strain(8) of Drosophila. Preparations tested. 
Preparations assayed for presence of TF 
were: a) TF refined by the BFK procedure 
from human material, i.e., serum from Hodg- 
kin’s disease patients, Hodgkin’s disease 
spleen and lymph node, buffy coat from mye- 
logenous leukemic blood. b) TF refined from 
pooled liver, spleen, lymph node and brain of 
AK mice with spontaneous or transplanted 
leukemia and of C3H(f) mice with induced 
leukemia. c) TF refined from induced paro- 
tid tumors. d) Preparations, refined by the 
BFK procedure, of serum from a few “nor- 
mal” individuals and 2 patients with non-neo- 
plastic diseases. e) Crude serum preparations 
(BFK, Step 1) (1,2) of: pool of serum of 47 
C3H(f) mice; patients with Hodgkin’s dis- 
ease, lymphosarcoma, lung cancer, mammary 
cancer and melanosarcoma. f) Inactive re- 
fined TF preparations, prepared by omission 
of high speed centrifugation in the BFK pro- 
cedure(1,2). g) Tris buffer. Aliquots of re- 
fined TF, tested in Drosophila, were injected 
into our C3H(f) hosts. This host strain, 
methods of injection and tumors induced have 
been described (1,2). 

Results. The application of the Drosophila 
assay (DA) technics to preparations obtained 
from mouse and human sources has indicated, 
to date, either the presence or the absence of 
active TF in these preparations. If present, 
TF activity in a given preparation is com- 
puted from the number of surviving larval 
hosts which had developed melanotic lesions 
within 24 hours after injection. 

Results of assays, in both Drosophila and 
mouse, of refined mammalian TF are sum- 
marized in Table I. With one exception, all 
refined preparations which had TF activity 
in the DA, induced neoplasia in mouse hosts 
(Table I, parts A, B). Absence of active TF 
in preparations, as indicated by the DA, was 
confirmed by lack of tumor induction by these 
preparations in C3H(f) mice (Table I, parts 
B, D). The DA also did not detect any TF 
activity in the refined preparations from sera 
of 5 of 6 non-neoplastic human donors (Table 
I, part C). Both Drosophila and mouse as- 
says indicated absence of TF activity in pro- 
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TABLE I. Refined BFK Preparations Tested. 


————_ Drosophila assay——— Mouse assay” 
Tumorous Tumorous ani- 
larvae/Sur- Ip mals/Surviv- 
Larvae inj. viving larvae induction ing animals 
A. Mouse source 
O3H(f)-AK—Leukemie tissue 150 19/125 LS 22/37 
Idem 133 17/115 15 5/9 
AK—Leukemie tissue 127 16/111 14 4/12 
Idem 140 4/112 4 1/6 
Induced parotid tumor 135 9/114 8 4/29 
B. Human souree 
Hodgkin’s disease serum 126 21/110 19 7/23 
Idem, post-treatment 145 0/107 0 0/28 
Hodgkin’s disease R.B.C.’s 131 0/118 0 0/19 
a a serum 700 33/565 6 7/29 
spleen 160 4/128 3 0/26 
a ” —lymphnode 140 2/120 2 1/20 
2 “idem 173 14/142 10 1/14 
3uffy coat from myelogenous 580 8/423 2 1/22 


leukemic blood 


C. Serum from non-neoplastie donorst 


Nasal polyp 139 0/128 0 
Cirrhosis of liver 150 0/135 0 
“¢Normal’’ 147 0/122 0 
re 145 0/123 0 
ji 141 0/117 0 
4 121 2/117 2 
D. Controls 
SN Nia 800 0/780 0 0/43 
BFK prep., high speed centrifu- 600 0/573 0 0/412 


gation omitted 


* No. of animals too small to compute % tumor induction. 
+ These preparations were not tested in mice. 


cedural control preparations and Tris buffer cal reactions occurring in the hosts during this 
GlablésL part): period. Some of these physiological reactions 


Crude BFK serum preparations of mouse 
and human TF induced formation of melano- 


tic tumors in the injected wild 51-52 larvae as | bea 

umorous 
(Table IT, parts A, B). These DA results Larvae larvic/ Sure me eae 
(Table II), indicated that crude BFK prepa- inj. viving larvae duction 


rations of pooled serum from 47 mice of our 


A. Mouse source 
C3H(f) (spontaneous tumor-resistant, 1,2) 


: ‘ : : C3H(f) pooled 208 0/110 0 
line did not contain active TF, whereas active serum 
TF was present in Crude BFK serum prepa-  B. Human serum 
rations of cancer and Hodgkin’s disease pa- Hodgkin’s disease 227 32/153 21 
tients. Idem 167 9/81 i131 
: ; . ur 150 5/129 4 
Discussion. The use of larvae of the wild a 162 69/125 55 
51-52 strain of Drosophila as an assay animal i 190 oes 36 
has, among others, the advantages of: a) pre- hs ED EE) i vee fe 
cise genetic control; b) rapid indication of Woakemia 143 19/106 18 
end results and c) ease of handling and main- Lung eancer 151 16/127 12 
tenance. The rapid (within 24 hours) “tu- Idem 129 17/103 17 
mor” formation in the injected 51-52 larvae Mammary cancer 145 1/86 1 


may have been stimulated by the physiologi- Melanosareoma Aon 21/97 21 


TABLE IT. Crude BFK Preparations Tested. 
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occurring are: (1) protein synthesis and his- 
tolysis of tissue (protein breakdown), with 
resultant liberation of amino acids; (2) in- 
creased nucleic acid metabolism; (3) in- 
creased titer and activity of growth and dif- 
ferentiation hormone; (4) increased feeding 
activity of the animal. Thus, increase in gen- 
eral larval metabolism, high level of protein 
synthesis and amount of amino acids in larval 
hemolymph, peak nucleic acid metabolism, 
and presence of large amounts of nutrients in 
larval hosts at time of TF incubation may 
well have collaborated to stimulate the rapid 
rate of “tumor” formation(9,10). These 
physiological reactions which possibly con- 
tribute to rate of “tumor” formation, may also 
be involved in production of tumors in the lar- 
val host injected with crude BFK prepara- 
tions of mouse and human material. Thus, 
the substances present in crude preparations 
which maintain species specificity (1,2) do not 
appear to affect the reactivity of the tissue 
of injected wild 51-52 larval hosts to the in- 
ductive capacity of mammalian TF. This 
phenomenon is in direct contrast to the lack 
of tumor formation obtained following injec- 
tion of crude human preparations into mice. 


Refined preparations of both mouse and 
human TF were used to correlate the DA with 
tumor induction in the mouse. Although the 
relationship appears to be too crude to allow 
quantitation at this time, a low DA has been 
confirmed by comparatively low induction 
rate in the mouse and conversely, a compara- 
tively high DA was also confirmed by rela- 
tively high induction rate in the mouse. The 
results further indicate a positive correlation 
between a preparation’s lack of TF activity 
in the DA and inability of this preparation to 
induce tumor formation in the mouse. 

The importance of these results lies in the 
fact that for the first time the “Drosophila 
tumor” has been induced with extracts from 


human and mouse tumor tissue. Whether or 
not tumor factor preparations from different 
sources are biochemically the same is a matter 
for future research. Nevertheless, the simpli- 
city of acquiring crude BFK preparations of 
human TF coupled with the responsiveness of 
wild 51-52 hosts to these crude preparations 
may permit an eventual epidemiological sur- 
vey for prevalence of TF in the serum of 
Homo sapiens. 

Summary. An assay system has been de- 
scribed for detection, within 24 hours, of 
tumor factor isolated from mouse and human 
neoplastic tissues by the BFK technic. At- 
tempts have been made to correlate the tumor 
factor activity in the Drosophila assay with 
tumor induction in mouse hosts. 
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Some Properties of Fluorocarbon-Treated Animal Tissue.* 


(25398) 


P. G. Stansty AND D. S. Ramsey (Introduced by Bjarne Pearson) 
Detroit Inst. of Cancer Research, Detroit, Mich. 


This report is concerned with changes oc- 
curring in tissue subjected to extraction with 
fluorocarbon, trifluorotrichloroethane, CCl.F- 
CCIF2. Although this type of solvent is find- 
ing increasing use in separation of viruses and 
viral constituents from host tissue, relatively 
little is otherwise known about the constitu- 
tion of such extracts, and the changes they 
undergo at successive extraction stages. Some 
of our results in exploring the possibility of 
applying the procedure to aid in detecting 
and concentrating mouse tumor agents will 
also be indicated. 


Methods. A 25% homogenate of tissue in 
0.04 molar versene at pH 7 was homogenized 
for 5 minutes at high speed in a VirTis “23” 
apparatus with 1% its volume of trifluorotri- 
chloroethane in the cold. After centrifugation 
at 2000  g for 5 minutes, the turbid aqueous 
phase was removed and again homogenized 
with 1% its volume of solvent. The process 
was repeated for 5 or more extraction cycles. 
Protein, RNA and DNA were determined on 
the aqueous phase at each stage. An aliquot 
was centrifuged at 120,000 * g for 1 hr, and 
these constituents again determined on the 
supernatant to obtain sedimentable compon- 
ents. The final aqueous phase was concen- 
trated by dialysis against polyvinylpyrolli- 
done, then against 0.05 M phosphate, pH 7, 
and examined in the analytical ultracentrifuge 
at 196,000 x g at a 1% protein concentration. 
RNA was determined by the orcinol method, 
DNA by the indole reaction, and protein by 
the biuret procedure, using appropriate 
standard curves. 


Results. As extraction proceeded, the ho- 
mogenate was gradually depleted of its pro- 
tein, RNA and DNA, the amount removed 
varying with the constituent and the prepara- 
tion. An illustration is given in Fig. 1. In 


* This investigation supported by grant from 
Nat. Cancer Inst., U.S.P.H.S. and by institutional 
grant from Am. Cancer Soc., Southeastern Mich., 
Division. 


this case, acid insoluble RNA had already dis- 
appeared by the fourth extraction stage, 
whereas appreciable amounts of protein and 
DNA remained to the end. In general, pro- 
tein was the one constituent which withstood 
removal by the solvent even after 7 extrac- 
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FIG. 1. Total RNA, DNA and protein in 
aqueous phases of fluorocarbon extracts of C3H 
mammary carcinoma at different extraction stages. 
O RNA, e DNA, JA protein. 

FIG. 2. Sedimentation curves of stage 5 fluoro- 
carbon extracts in .05 mM phosphate, pH 7. A, B, © 
and D are as indicated in Table II, Photographic 
exposures were at 8 min. intervals after a gravita- 
tional force of 196,000 X g was reached in a Spin- 
co Model E centrifuge. Sedimentation constants 
of A, B and C were 23.4, 38.1 and 37.2, respectively. 
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TABLE I. Sedimentable* Components in Fluoro- 
carbon Extracts of the Mouse Mammary Tumor at 
Successive Extraction Stages. 


% sedimented at 
extraction stage 


Component 0 1 2 3 4 5 
Protein 55 32 19 4.19 ~°# 10 9 
RNA 81 68 27 0 
DNA 96 91 87 87 78 70 


* 120,000 X g for 1 hr, 


tions. The terminal protein may be a fairly 
pure component. Thus, 67% of the protein 
of the Ehrlich ascites cells remaining after 5 
extractions migrated as a single peak at pH 
8.8 in the Tiselius apparatus. 

Protein, RNA and DNA existed in both 
sedimentable and non-sedimentable forms in 
early extraction stages, whereas in advanced 
stages, one or more of the components were 
entirely unsedimentable, as for example, RNA 
at stage 3 of Table I. The RNA remaining 
at this stage was completely degraded, as de- 
termined by its solubility in cold 0.25% 
uranic acetate in 2.5% perchloric acid, thus 
accounting for its behavior. However, this 
was not the sole explanation for part of the 
RNA being non-sedimentable in earlier ex- 
traction stages, as in stage 2, where 73% of 
the RNA was non-sedimentable, but only 
58% acid soluble. None of the non-sediment- 
ing protein or DNA was acid soluble. 

Fluorocarbon extracts of 3 mouse tumors 
and of normal mouse kidney were concen- 
trated and centrifuged at 120,000  g for one 
hour. The results are shown in Table II. 
The differences in sedimentable RNA and 
DNA of these tissues are noteworthy. In the 
analytical centrifuge, a rapidly sedimenting 
component, representing about 5% of the to- 
tal material, was observed in all 3 tumor 
preparations (Fig. 2), but absent from the 
normal mouse kidney. Similar preparations, 
derived from mixed viscera of normal mice of 
various strains, of their individual organs, and 
of whole fetuses, also failed to exhibit a sedi- 
menting component of this type. 

Discussion. Appearance of a unique par- 
ticulate component in the 3 tumors, which was 
absent from normal tissues, is of particular in- 
terest. This substance was not observed in 
extracts before fluorocarbon treatment, pos- 


sibly because it was obscured by normal tissue 
constituents. It is tempting to consider that 
this material may be of viral origin inasmuch 
as all 3 tumors probably have a viral com- 
ponent in their etiology. This is, of course, 
well established for the mammary carcinoma; 
the PL leukemia is in all respects analogous 
to the better known AK leukemia, and is 
therefore likely to be a viral neoplasm; the 
thymic tumor arose in a 9 month old C3H 
mouse that had been inoculated 7.v. at 2 
mos. with a cell-free PL leukemic extract, and 
would also therefore appear to be a viral neo- 
plasm. This possibility is strengthened by the 
observation(unpublished) that fluorocarbon 
extracts of transplants of this tumor exhibit 
virus-like particles having an average diame- 
ter of 120 mu. 

The low sedimentation constants of these 
components (Fig. 2) suggest that they are 
not complete viruses. For example, the mam- 
mary tumor agent is reported to be several 
hundred S units(1), but the corresponding 
component we observed is only 38.1 ‘units. 
Conceivably, the estimated 95% impurity 
could have strongly influenced the observed 
value. An alternative explanation is that the 
component was an incomplete virus(2). 

It must be pointed out that the analytical 
data for RNA and DNA (Table II) do not 
clearly distinguish normal tissue from tumor 
tissue. But certain inferences may neverthe- 
less be drawn. Thus, if the mammary agent is 


TABLE II. Sedimentable* Components of Con- 
centrated Stage 5 Fluorocarbon Extracts. 
Amt 
sedimented 
Cone. a 
Exp. Tissue factor Component pg/ml % 
A C3H thymic Protein 5000 23 
tumor 16 RNA 210 4 
DNA 0 0 
B C3H mam- Protein 2600 30 
mary tumor 3.4 RNA 0 0 
DNA 70 3658 
C PL leukemic Protein 1100 22 
lymph 2.7 RNA 55 7.2 
nodes DNA 60 5.6 
D Normal Protein 1320 813.9 
mouse Jake fi RNA ao dl 
kidney DNA 16 18.9 


* 120,000 X g for 1 hr. 
+ From an inbred Swiss (Tumblebrook) strain. 
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resistant to extraction by the fluorocarbon, as 
appears to be the case(3), then it is more 
likely to be a DNA than RNA virus, for there 
was no intact RNA in this particular prepara- 
tion. Similarly, the fluorocarbon extract of 
the thymic tumor had no DNA, hence was 
more likely to be a RNA virus. The leukemic 
tissue had both RNA and DNA but by infer- 
ence, only the RNA would be expected to con- 
tain a viral component. 

Summary. RNA, DNA and protein are dif- 
ferentially removed by extraction of a tissue 
with fluorocarbon CCloF-CCIFs. These con- 
stituents occur in sedimentable (120,000 x g, 


1 hour) and non-sedimentable forms. A 
unique component was observed in concen- 
trated fluorocarbon extracts of 3 neoplastic 
tissues, which was absent from normal tissue. 
Its possible relation to viruses is discussed. 
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(Introduced by M. J. Boyd) 
Depts. of Pharmacology and Biochemistry, Hahnemann Medical College, Philadelphia, Pa. 


Many previous studies on mercurial diu- 
retics have been performed on compounds 
administered clinically orally(1,2), or paren- 
terally when combined with theophylline(3). 
This investigation was undertaken with Hg?" 
mercaptomerin sodium because, as employed 
clinically, it is not combined with any agent 
which might influence distribution or excre- 
tion. This study was done to determine gen- 
eral distribution, renal concentration, and rate 
of urinary excretion of this compound. 

Materials and methods. Hg?°* mercapto- 
merin sodium was synthesized in our labora- 
tories,* and was identified by paper chro- 
matography, quantitative determination of 
Hg and S, determination of temperature of 
decomposition, and determination of diuretic 
activity. The solutions were freshly prepared 
with pyrogen-free water and resterilized by 
filtering through type H. A. millipore filter. 
Specific activity of original material was 360/ 
pc/mg mercury when assayed for gamma ra- 
diation. A standard dose of 1 mg He/kg 
(equivalent to 3.5 mg/kg mercaptomerin so- 


* Method of synthesis supplied by Wyeth Inst. for 
Medical Research, Radnor, Pa, 


dium) was used. Thirty-three albino rats 
(165-190 g), injected intraperitoneally, were 
divided into groups of 3 and placed in metal 
metabolism cages. Each group was deeply 
anesthetized with ether and sacrificed 15, 30, 
60, 90, 120, 150, 180, 210, 240, 270, or 300 
minutes after injection of the radioactive com- 
pound. Blood was obtained by cardiac punc- 
ture, using heparin as anticoagulant, and both 
kidneys were removed, decapsulated, weighed, 
and digested in concentrated nitric acid. Av- 
erage radioactivity of renal tissue is expressed 
as wg of mercaptomerin sodium/g wet weight 
of tissue. Aliquots from pooled urines of 
60, 120, 130, and 240 minute groups were col- 
lected and assayed for radioactivity. In ad- 
dition, a series of kidney sections of the 1, 2, 
3, and 4 hour groups was prepared for radio- 
autographs. Sections 8 » thick of kidney tis- 
sue were prepared by usual paraffin impregna- 
tion technic and mounted without removal of 
paraffin. The slides were covered with Kodak 
Panchromatic XX photographic film and 
firmly fastened with tape. Optimum ex- 
posure time was 14 days. In a second study, 
Hg’ mercaptomerin sodium was injected in- 
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PLATE 1. Radioautographs of rat kidney follow- 
ing intraper. inj. of Hg mercaptomerin sodium 
(1 mg/Hg/kg). 


tramuscularly into 28 albino rats (165-190 
g) to study duration of radioactivity after a 
single injection. Fourteen groups of 2 ani- 
mals each were kept in metabolism cages and 
a group sacrificed hourly for the first 3 hours, 
daily for the next 7 days, and finally weekly 
for the next 4 weeks. Twenty-four hour 
urines were collected for first 7 days. Plasma, 
renal tissue, and urine were assayed for radio- 
activity. 

Results. Radioautographs (Plate 1) re- 
vealed that radioactivity was concentrated in 
renal cortical areas. Similar localization has 
been demonstrated after administration of 
radiomercuric chloride(4). 

Intraperitoneally injected Hg?°? mercapto- 
merin sodium (Fig. 1) produced a_ peak 
plasma concentration in 15-30 minutes and a 
peak renal accumulation in 30-60 minutes. 
On the other hand, when Hg?? mercapto- 
merin sodium was injected intramuscularly, 
peak plasma concentration occurred in 30 
minutes and peak renal accumulation was 60 
minutes (Fig. 2). Peak renal accumulation 
following intraperitoneal administration was 
approximately 25% of that produced by 
intramuscular injection. Wet weight of the 
rat kidney was 940 + 26 (S.E.) mg. 

We then calculated percentage of original 
material excreted in urine. The amount of 
mercaptomerin sodium recovered in urine dur- 
ing 4 hours following intraperitoneal injection 
was 301.1 pg or 42% of original dose. On 
the other hand, total amount recovered 24 
hours following intramuscular injection was 
41.2% of original dose. Only 78% of 
administered dose was recovered during first 
72 hours and none was detected after 96 
hours. 

Additional studies were carried out on 2 ap- 


parently healthy male mongrel dogs, weighing 
7.5 and 9.0 kg. These animals were anesthe- 
tized with pentobarbital sodium (30 mg/kg) 
and hydrated with normal saline by continu- 
ous intravenous drip at 0.1 ml/kg/min. 
throughout experiment. Renal venous sam- 
ples were withdrawn through a polyethylene 
catheter introduced into left renal vein through 
an abdominal incision. Arterial blood samples 
were withdrawn through an indwelling needle 
in the carotid artery. Urine samples were col- 
lected with a urethral catheter introduced into 
the left side through the abdominal incision. 
Hg’? mercaptomerin sodium was injected 
into the femoral vein within 15 seconds. 
Blood samples were collected in syringes mois- 
tened with heparin. At 5, 10, 15, 30, 60, 90, 
and 120 minutes, samples were taken simul- 
taneously from renal vein and carotid artery. 
Urine was collected at 10, 30, 60, 90, and 120 
minutes. Arterial plasma concentration at 
the 5 minute period was only 5.8 ng/ml with 
an A-V difference of only 0.8 pg/ml (Fig. 4). 
Discussion. Radioautographs indicate that 
mercury is most concentrated in the cortical 
areas with limited amounts in medulla of kid- 
neys. This is in accord with the findings of 
Greif e¢ al.(1) and de Metry and Aikawa(5). 
The radiopurity of Hg?°? mercaptomerin so- 
dium was ascertained by paper chromato- 
graphy but no studies were performed to de- 
termine the chemical stability of this material 
in tissues. Although the locus of mercurial 
diuresis is presumably in the tubules, it has 
not been settled whether it is in the proximal 
or distal portion(6). However, all portions 
of the renal tubular structures are present in 
the region of highest radioactivity. 
Radioactivity counts on whole kidney re- 
vealed that 91.7% of the injected radioactiv- 
ity was present within one hour after intra- 
muscular injection. This confirms the find- 
ings of Borghgraef et al.(2) and Weston e¢ al. 
(7) who reported that mercury is rapidly 
taken up by the kidney. These data suggest 
that radioactive mercurial compounds are re- 
moved mainly by the renal cortex and are ex- 
creted into the urine. Delay in onset of ex- 
cretion of mercury may be related to the time 
required to accumulate a critical concentra- 
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FIG. 1. Concentration of Hg®* mercaptomerin sodium in rats following intraper. inj. Urine 


values represent avg of 3 animals. 


HIG, 2. Concentration of Hg** mercaptomerin sodium in rats following intramuse. inj. Each 
“*x?? and each ‘‘kidney’’ represents avg of 2 observations. 

FIG. 3. Urinary excretion pattern of intray. Hg** mercaptomerin sodium into dogs. 

FIG. 4. Biological decay of plasma concentration following intray. administration of Hg? 


mercaptomerin sodium into dogs. 


tion of this drug within the tubular cells. Fol- 
lowing intravenous administration into dogs, 
renal excretion of Hg?®? mercaptomerin so- 
dium was most rapid during the first 30 min- 
utes (Fig. 3) when the A-V difference was 
greatest (Fig. 4). Renal excretion decreased 
when the A-V difference diminished and ap- 
proached a plateau between 90 and 120 min- 
utes. The biological half-life, measured by 
rate of disappearance of radioactivity from 
plasma of arterial blood and venous renal 
blood, indicated at least 2 phases. Graphic 


resolution of the biological decay curves (Fig. 
4) indicated the fast-moving component to 
have a half-life of 4 minutes for venous 
plasma and 7 minutes for arterial plasma. 
The slow-moving component has a half-life 
of 24 minutes for venous plasma and 35 min- 
utes for arterial plasma. Similar regression 
curves were obtained by Borghgraef, Kessler, 
and Pitts(2) following intravenous adminis- 
tration of chlormerodrin. ; 

Although peak plasma concentration and 
renal accumulation of Hg?°? mercaptomerin 
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sodium, when administered intraperitoneally 
and intramuscularly, occurred at similar time 
intervals, intramuscular plasma _ concentra- 
tion was approximately twice intraperitoneal 
concentration, and renal accumulation follow- 
ing intramuscular administration was 4 times 
that of the latter. This may indicate that re- 
nal tissue possesses a tremendous avidity or 
binding capacity for mercurial compounds. 
Summary. 1. Using Hg? labeled mercap- 
tomerin sodium and studying radioautographs 
and renal distribution, 91.7% of an intra- 
muscularly injected dose of 1 mg Hg/kg was 
found in the kidney within the first hour, and 
maximum concentration occurred in the cor- 
tical area. 2. Radioactivity was detected for 
28 days in plasma and in renal tissue. 3. In- 
travenous administration of radioactive mer- 
captomerin sodium resulted in a rapid decline 
in plasma concentration during the first 5 min- 


utes. Rate of urinary excretion appears to be 
a function of arterial plasma-renal vein 
plasma difference. 
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In vitro Response of Mouse Testis to Human Chorionic Gonadotropin.* 
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A number of investigators have cultured the 
mammalian testis successfully, either as entire 
organ or as fragments thereof(1-5).  Irre- 
spective of the medium employed or duration 
of culture, it was concluded that testicular ex- 
plants had continued to develop in an essen- 
tially normal manner. These results are in 
contrast to those which I have obtained with 
ovarian explants from young post-natal mice 
in which an atrophy of the follicular and the- 
cal cells occurs leading to a general loss of or- 
ganization of the tissue; maintenance of 
ovarian structure in vitro was dependent upon 
incorporation of proper hormones into the 
basic medium(6). The following studies with 
isolated testis were therefore undertaken, us- 

* The author expresses appreciation to Prof. Etienne 
Wolff for a most rewarding year in the Lab. D’Em- 
bryol. Exp., and to Dr. C. H. Li and Leo Pharmaceu- 
tical Co. for hormone used. 

t Fellow of National Foundation ’57-58. 
address: Dept. of Physiology, Univ. of Chicago, Il. 


Present 


ing the same medium as that employed for the 
post-natal ovary, to determine response of the 
testis under these conditions. Human chori- 
onic gonadotropin (HCG) and lactogenic hor- 
mone were the hormones selected for study. 
Procedure. ‘Testes from mice of the C57 
Black strain, 3 days of age, were cultured on 
a medium made of 2 parts agar,? 1 part Ty- 
rode’s solution enriched with equal quantity 
of synthetic medium 199(7), and 1 part chick 
embryo extract. Details of the method have 
been discussed(8), and preparation of hor- 
mone-enriched medium has been described 
(6). Explants were cultured at 31 + 1°C; 
every other day they were displaced to new 
sites on the media. In earlier experiments, the 
whole testis was cultivated 7 days on a me- 
dium enriched with lactogenic hormone or 
with HCG. In later experiments, each testis 


+ Agar preparation containing 1 g agar (Difco) / 
100 cc Gey’s solution. 
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was cut into 4 pieces and arranged around a 
fragment of ventral prostate; the explants 
were transferred to new media after 4 days 
and the experiments were terminated after 14 
days. Tissues were fixed in Bouin’s solution, 
embedded in paraffin and sectioned at 6 p. 
The lactogenic hormone (30-35 I.U./mg) was 
prepared by Dr. C. H. Li(9); .the, HCG 
(1000 I.U./mg) was_a product of Leo Phar- 
maceutical Co. Hormones were dissolved in 
Tyrode-medium 199 solution and incorpo- 
rated into the basic medium in concentration 
indicated; 0.10 cc of the hormone-enriched 
medium was then added to each embryological 
watch glass in which a mixture of 6 drops 
agar, 3 drops Tyrode’s solution and 3 drops 
extract had already congealed. 

Results. The testis of the mouse, 3 days 
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FIG. 1. A-C. Sections of gonads taken from male 
mice 3rd day after birth and cultured on hormone- 
enriched media for 7 days. 192. D-F. Sections 
of ventral prostate taken from mice 27 days of age 
and cultured on hormone-enriched media for 14 
days. 176%. Stain, hematoxylin-eosin; thickness, 
6 uu. 
A. Normal onset control. B. Testis cultured on 
medium enriched with lactogenic hormone, 1.25 mg 
Jee. C. Testis cultured on medium enriched with 
HCG, 250 I.U./ee. Cytoplasm of interstitial body 
distinguishable and eosinophilic. D,. Explant eul- 
tured in association with testis on medium-enriched 
with lactogenic hormone, 1.25 mg/ce. No evidence 
of androgen production by testicular fragment. T 
= testis, VP = ventral prostate. E. Explant cul- 
tured in association with testis on medium enriched 
with HCG, 1250 I.U./ce. Note stimulation of pro- 
static epithelium. F. Explant cultured on medium 
enriched with HCG, 1250 I.U./ee. 


after birth, was too large to be cultured as a 
whole organ without occurrence of necrosis at 
its center; tissue at the periphery survived. 
On the other hand, fragments of testis were 
maintained without necrosis but there was a 
tendency toward tubular disorganization; a 
similar phenomenon was observed by Champy 
(1) with testicular explants from rabbits. At 
this stage of development the spermatogonia 
were distributed at the periphery of the tu- 
bules among future sertoli cells, and intersti- 
tial cells with a well developed cytoplasmic 
body were abundant (Fig. 1A). Representa- 
tives of each cell type persisted under im vitro 
conditions. Nonetheless, in 7 days of culture 
tubular size decreased, tubules came to lie in 
close proximity to one another, and interstitial 
cell cytoplasm was reduced (Fig. 1B). In 4 
experiments it was then demonstrated that 
the inclusion of HCG in the basic medium 
ameliorated consistently the degenerative 
changes; however, it did not maintain the tes- 
ticular morphology evident prior to culture 
(Fig. 1C). Especially relevant is the fact 
that, although the interstitial cells could be 
distinguished by their eosinophilic cytoplasm, 
the cytoplasmic body of these cells was not 
maintained. 

Finally, to establish whether or not an en- 
hancement in production of androgen could 
be effected by HCG under in vitro conditions, 
a target organ specific for the male hormone 
was cultured with the testis; fragments of one 
gonad were associated with a fragment of 
ventral prostate taken from a male mouse, 27 
days of age. Figs. 1D and 1E demonstrate 
that testicular explants continued to secrete 
androgen for a period of 14 days when cul- 
tured on a medium enriched with HCG but 
not when cultured on a medium enriched with 
lactogenic hormone. In the absence of the 
testis, HCG was ineffective (Fig. 1F). 

Discussion. Degenerative changes observed 
in the testis after 7 days of culture are mod- 
est. These results are in contrast to those pre- 
viously obtained with ovarian explants taken 
from mice of the same age(6) and suggest 
that the testis is not as intimately dependent 
upon pituitary hormones as is the ovary dur- 
ing this period of development. The fact 
that embryonic testes can continue to secrete 
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androgen in an isolated system lends support 
to this interpretation(10). 

Previous investigations have shown that 
anterior pituitary explants have a morpho- 
logical influence on the isolated testis(5,11). 
The present study demonstrates that HCG 
has a similar effect on testicular explants and 
can stimulate production of androgenic hor- 
mone under in vitro conditions. Thus, as in 
the case of the ovary, the results obtained 
with the isolated testis are similar to those 
previously observed in experiments with the 
whole animal(12). 

Summary. Testes from mice, 3 days of age, 
were cultured in an in vitro system for 7 or 14 
days on a medium composed of agar, Tyrode’s 
solution, synthetic medium 199 and chick 
embryo extract. Degenerative changes in 
control explants included a decrease in size 
of tubules and a reduction in cytoplasm of 
interstitial cells. Inclusion of HCG in the 
medium ameliorated these changes. Moreover, 
measurable amounts of androgen were pro- 
duced by testes cultured on media enriched 


with HCG whereas no detectable amount was 
produced by those cultured on media enriched 
with lactogenic hormone. 
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Studies on the Small Particle Complement-Fixing Antigen of 


Foot-and-Mouth Disease Virus. 
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It has been well established that foot-and- 
mouth disease is associated with at least 2 
specific particles(1,2). The larger particle, 
reported to be 23 mp in diameter and having 
a sedimentation coefficient (s-rate) of 140, 
possesses all the viral properties of the infec- 
tion together with about half of the comple- 
ment-fixing activity; the smaller particle, 8-10 
my. in diameter and having an s-rate of 14 dis- 
plays complement-fixing (CF) activity only 
(3,4). Preliminary chemical investigation of 
the smaller particle, hereafter to be called the 
CF-antigen, indicated a globulin nature for 
the material(5). This report presents the re- 
sults of biochemical studies on the CF-antigen 
and purification procedures. 


Materials and methods. Virus infectivity 


was measured by a plaque assay using pri- 
mary bovine-kidney cell layers in 4-0z pre- 
scription bottles(6). Complement-fixing ac- 
tivity was measured by modification of the 
Traub and Mohlmann procedure(7). As used 
in this laboratory,* the test is a direct semi- 
quantitative one, using guinea pig complement 
with overnight fixation at 4°C. The endpoint 
was read visually from 0 to +4 on 2-fold 
serially diluted samples. Readings from 0 to 
+2 were counted as belonging to the next 
lower dilution; readings of +3 or +4 were 
counted as belonging to the dilution used. 
Thus, a sample having a reading of +4 at a 
dilution of 1:256 and a reading of +1 at a 

* Savan, M., Edward, A. G., Martinsen, J., Pop- 
pensiek, G. C., unpublished. 
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dilution of 1:512 was considered to have a CF 
titer of 256. Protein was determined spectro- 
photometrically by the ultra-violet adsorption 
method of Warburg(8), and also with Folin- 
Ciocalteau reagent(9), using crystalline bo- 
vine plasma albumin as a standard. Source 
of complement-fixing antigen: bovine tongue 
epithelium, infected with foot-and-mouth dis- 
ease virus, type A, strain 119 (FMDV-A119), 
which had been stored in dry-ice chest for ex- 
tended periods ranging up to 3 years, was ho- 
mogenized in a Servall Omnimix as a 33% 
suspension in phosphate-buffered saline (0.02 
M phosphate buffer, 0.10M sodium chloride) , 
pH 7.5, in the presence of Genetron 113 (tri- 
fluoro trichloro ethane), and small amounts of 
toluene and octyl alcohol. The homogenate 
was stirred overnight at 4°C, and the aqueous 
extract was separated by centrifuging for 1 
hour at 900 & g. The aqueous phase was 
then centrifuged in a Spinco Model L with a 
#30 rotor at 30,000 rpm for 2'% hours to 
sediment out infectious virus particles and 
other large particles. The supernatant fluid, 
whose virus titer was reduced by at least 5 
log units, was centrifuged for 22-24 hours at 
30,000 rpm. The supernatant liquid was dis- 
carded down to the level corresponding to the 
top of the sedimented pellet. The pellet plus 
this residual volume of liquid (about 3 ml) 
were resuspended in_ phosphate-buffered 
saline, and the clear aqueous CF-antigen con- 
centrate was the starting material used in all 
experiments. One gram of tongue tissue 
yielded about 200 CF units (CF titer & ml). 
The CF titers of the aqueous concentrates 
ranged from 256 to 512 per ml, each ml con- 
taining about 50 mg of protein. 

Results. Stability of the CF antigen was 
determined with respect to temperature, pH, 
enzymes and various methods of processing. 
Complement-fixing activity was completely 
retained for at least 3 months at 4°C, 1 week 
at room temperature (about 25°C), 4 hours 
at 37°C, and 30 minutes at 60°C. Activity 
was lost upon heating at 70°C. Adjustment 
of the CF-antigen solution to pH 5.0 for over- 
night at 4°C produced a precipitate having 
about 10% of the starting activity, with 50% 
of the starting activity remaining in the su- 
pernatant fluid. At pH 5.25, there was com- 


ANTIGEN OF FMDV 


plete retention of activity, all in the superna- 
tant fluid. Alkaline pH adjustment was ac- 
complished by mixing the antigen solution 
with equal volumes of 4% sodium bicarbo- 
nate, 2% sodium carbonate, and 0.1N sodium 
hydroxide at final pH values of 8.3, 10.5, and 
12.0, respectively. In the first 2 solutions CF 
activity was completely stable for at least 4 
hours at room temperature, while there was 
a 75% loss of activity in the sodium hydroxide 
solution. 

The effect of proteolytic and nucleolytic en- 
zymes on the CF-antigen was determined. 
Trypsin and chymotrypsin (crystalline, 
Worthington) in concentrations as high as 
5-10 mg per ml for 4 hours at 37°C had no 
effect on CF titer. Ribonuclease and deoxy- 
ribonuclease (crystalline, Worthington) act- 
ing for 24 hours at room temperature simi- 
larly produced no decrease in titer. The en- 
zymes employed did not decrease significantly 
the total amount of proteins present in solu- 
tion. 

The CF-antigen concentrate was studied in 
the presence of the protein denaturant, urea, 
acting for 3 days at room temperature. A 
2M urea solution did not affect CF activity, 
but with 6M urea, there was a loss of 75% 
of the starting activity. Trypsin did not have 
any effect on CF activity in these treated sam- 
ples also. 

Freeze drying of CF-antigen solutions in 
phosphate-buffered saline yielded powders re- 
taining all the original activity. However, 
when precipitated preparations were dissolved 
in ammonium acetate solutions (no residue 
upon evaporation) and subsequently lyo- 
philized, there were losses in activity ranging 
from 35 to 75%. The residual acidity of the 
acetic acid formed apparently was sufficient 
to cause this loss of activity. 

Separation by precipitation of the CF-anti- 
gen was accomplished by various procedures. 
Exhaustive dialysis of CF-antigen concen- 
trates against distilled water in the cold pro- 
duced precipitates containing 75 to 90% of 
the total recovered activity which in turn 
ranged from 40 to 60% of the starting activ- 
ity. The liquid within the dialysis membrane 
at the conclusion of the dialysis had a pH of 
5.0 to 5.1 and this would account for the low 
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recovery. In order to avoid prolonged ex- 
posure of the CF-antigen to acid conditions, 
another deionization procedure involved shak- 
ing the CF-antigen solution with a prepared 
mixture of cation and anion exchange resins 
(Amberlite MB-3). However, this procedure 
also resulted in incomplete recovery of CF 
activity which was, in this case, partitioned 
fairly equally between precipitate and super- 
natant liquid. Isoelectric precipitation of the 
CF-antigen was studied over a pH range from 
4.5 to 6.0 at intervals of 0.25 pH units. As 
indicated in the foregoing experiments on pH 
stability, there was a marked loss of activity 
at pH 5.0 and below. The precipitates formed 
contained very little to none of the remaining 
activity. Ammonium sulfate precipitations 
were made at pH 5.5 and pH 7.5 in the cold 
by adding that amount of a saturated solution 
of ammonium sulfate necessary to reach the 
desired percent of saturation in the CF-anti- 
gen solution. At both levels, activity was pre- 
cipitated from 30 to 50% saturation, with 
less than 5% of the activity remaining in the 
supernatant fluid at the higher concentration 
of ammonium sulfate. However, recovery of 
activity from the precipitate at 50% satura- 
tion with ammonium sulfate was incomplete, 
sometimes being only half the starting activ- 
ity. Paper electrophoresis of the re-dissolved 
precipitate showed, upon staining with brom- 
phenol blue, a dark globulin area and a very 
faint albumin spot. 

Ethanol fractionation was carried out at 2 
different levels of ionic strength, the CF-anti- 
gen being either in a 0.01M phosphate buffer 
or in standard phosphate-buffered saline, with 
pH at 7.5 in both cases. Precipitations were 
done at 0°C with ethanol concentrations rang- 
ing from 10 to 40%. Recovery of CF-antigen 
was incomplete with activity spread between 
precipitates and supernatant fluids. 

The CF-antigen was completely precipi- 
tated from aqueous solution by acetone in the 
cold, and the wet precipitate reconstituted in 
buffer with no loss of activity. Protamine 
sulfate and zinc ions precipitated part of the 
activity, while barium ions and sodium salts 
of ribonucleic acid and heparin had no effect. 

Column chromatography, using several dif- 
ferent adsorbents, was done at room tempera- 


ture in 10 mm wide tubes, with column 
lengths ranging from 50 to 150 mm. The CF- 
antigen concentrate was loaded onto the col- 
umn in a volume of 1-3 ml, with both charge 
and column having been equilibrated with 
the same buffer system. Elution was accom- 
plished by stepwise increases in ionic strength 
of the eluting medium, at a flow rate of about 
20 ml/hour. The eluate was collected in 4 
ml fractions which were analyzed for protein 
content and CF-activity. 

Results using a diethyl amino ethyl 
(DEAE) cellulose column buffered at low 
ionic strength are shown in Fig. 1. There was 
a 70% overall recovery of CF activity with a 
40% recovery of proteins. The highest peak 
of activity contained 35% of the original 
charge and represented a 4-fold increase in 
purity. In another experiment, a DEAE cel- 
lulose column buffered at a higher ionic 
strength, 0.02M phosphate buffer containing 
0.10M sodium chloride at pH 7.5, gave com- 
plete recovery of both CF activity and pro- 
tein, with no significant purification.+ 

Calcium phosphate columns prepared ac- 
cording to Tiselius(10), gave less than 1% 
recovery when equilibrated at low ionic 
strengths. Columns prepared in 0.02M phos- 
phate buffer containing 0.10M NaCl yielded 
better recoveries of activity and fractions with 
purities comparable to those of the cellulose 
columns (Fig. 2). 

The cation exchange resin, Amberlite CG- 
50, 400-600 mesh, equilibrated at pH levels 
ranging from 5.5 to 7.5 in isotonic buffers 
yielded unsatisfactory results, as did columns 
prepared of Dowex 50-x2, celite, and alu- 
minum hydroxide (modified Willstatter Cv 
(11)). 

Discussion. The small particle CF-antigen 
displays a markedly greater overall stability 
in comparison to the large particle having 
viral activity in the FMDV-A119 system. CF 
activity is retained after heating to 60°C for 
30 minutes, while 90% of viral activity is lost 
after heating to 61°C for one-half minute 


¢ While this paper was in preparation, Brown, F., 
and Cartwright, B., Biochem. et Biophys. Acta, 1959, 
v33, 343, reported the separation of crude suspensions 
of FMDV into two main fractions by chromatography 
on DEAE cellulose. 
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FIG. 1. Diethyl amino ethyl chromatography of 
complement-fixing antigen. Column and sample 
equilibrated with 0.01m phosphate buffer, pH 7.5. 
Column dimensions, 10 * 92 mm. 

FIG. 2. Calcium phosphate chromatography of 
complement-fixing antigen. Column and sample 
equilibrated with 0.02m phosphate buffer contain- 
ing 0.10mM sodium chloride, pH 7.5. Column dimen- 
sions, 10 & 53 mm. 


(12). The CF-antigen is stable over the pH 
range 5.25 to 10.5, while viral activity is most 
stable only at pH 7.0 to 7.5 and loses 90% 
of its activity in 14 hours at 4°C at pH 6.5 
and 10.0. CF activity is resistant to the ac- 


tion of proteolytic enzymes and nucleases 
while viral activity in the tissue culture 
FMDV-A119 system, at least, is sensitive to 
the action of trypsin.t These differences in 
stability are of particular interest in view of 
the suggestion that the small particle can be 
derived by disintegration of the larger infec- 
tious unit(13). 

Our data indicate that the CF-antigen 
should be classified as a euglobulin because it 
is insoluble in salt-free solutions. Also, it is 
precipitated by half-saturated ammonium sul- 
fate and shows a predominantly globulin-type 
electrophoretic pattern. 

The incompleteness of fractionation of CF 
activity by the various experimental technics 
may indicate the presence of more than one 
small particle containing CF activity. As de- 
termined by column chromatography, Figs. 1 
and 2, the so-called small particle CF-antigen 
does have more than the one peak of activity. 
The presence of impurities and changes in 
eluting technic can modify this pattern. 
Therefore, it would also be of interest to de- 
termine the chromatographic distribution of 
CF activity in virus-free vesicular fluid from 
FMDYV lesions. 

Summary. The so-called small particle CF- 
antigen fraction, free of infectious virus par- 
ticles and larger components, was prepared by 
centrifugation from bovine tongue epithelium 
infected with FMDV, type A, strain 119. The 
CF activity of this fraction was stable through 
the pH range of 5.25 to 10.5, withstood heat- 
ing for 30 minutes at 60°C, and was resistant 
to the action of proteolytic and nucleolytic en- 
zymes. It was precipitated by dialysis and 
by ammonium sulfate, ethanol, and acetone. 
Diethyl amino ethyl cellulose and calcium 
phosphate columns prepared at different ionic 
strengths were used in chromatographic puri- 
fication. The small particle CF-antigen dis- 
plays the properties of a euglobulin and is ap- 
preciably more stable than the large infective 
particle with which it is associated. 


+ Unpublished data. 
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Lipoprotein Lipase Metabolism in Experimentally Nephrotic Rats.* (25402) 


Ray H. RosENMAN AND SANFORD O. BYERS 
(With technical assistance of Phyllis Nagel and Malcolm Smith) 
Harold Brunn Inst., Mount Zion Hospital, San Francisco, Calif. 


Our earlier studies(1,2) strongly suggested 
that deficiency of circulating albumin in ex- 
perimentally nephrotic rats is in some manner 
responsible for abnormal intravascular reten- 
tion of lipid and consequent hyperlipemia. 
The possibility of an abnormality of heparin 
cr lipoprotein lipase metabolism as an associ- 
ated causal factor in experimental nephrotic 
hyperlipemia also was suggested by earlier 
studies(3). Since it has been proposed (4,5) 
that in humans, nephrotic hyperlipemia re- 
sults from a deficiency of lipoprotein lipase, 
the following studies were conducted. 

Methods. Young, adult male rats of Long- 
Evans strain were used (average weight: 200 
g). The nephrotic state was induced by in- 
jection of potent rabbit anti-rat kidney serum 
(6) 5 to 7 days prior to study and confirmed 
by demonstration of plasma albumin(7) con- 
tent less than 1.2 g/100 ml and by presence 
of gross plasma lactescence and of marked 
hypercholesteremia(8). | Disappearance of 
heparin from plasma of nephrotic rats was as- 
sayed, albeit crudely, by determining clotting 
time and by protamine titration of plasma ob- 
tained from groups of nephrotic and control 


* Aided by Grants from N.L.H., P.H.S., Am. Heart 
Assn. and Western Nephrosis Soc. 


rats bled at intervals following heparin injec- 
tion. Each of a series of 10 nephrotic and 18 
control rats was injected intravenously with 
heparin (0.5 mg/100 g). Five nephrotic 
and 12 control rats were bled with siliconized 
syringes, from the aorta 2 hours after heparin 
injection, and the remaining 5 nephrotic and 
6 controls after 3 hours. Immediately after 
bleeding, 0.5 ml of each sample was placed in 
each of 3 serology tubes for clotting time de- 
termination and also in each of a 4-tube sys- 
tem containing serial dilutions of 0.01% pro- 
tamine sulfate (prepared 24 hours previ- 
ously). All tubes were kept in water bath at 
37°C, and clotting times recorded as the time 
of average occurrence of a fast clot during 
gentle tilting at 30-second intervals. Lipo- 
protein lipase activity of nephrotic post- 
heparin plasma was determined by ability to 
increase light transmission and to release un- 
esterified fatty acids (UFA)(9) when added 
to a triglyceride substrate in normal rat 
plasma. For light transmission studies, plasma 
samples were obtained from 19 nephrotic rats, 
10 minutes after injection of either 0.05 mg 
(5 rats) or 0.3 mg (14 rats) of heparin/100 
g of body weight. Similar postheparin plasma 
samples were obtained from 16 normal, con- 
trol rats. For further control purposes plasma 
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samples were obtained from an additional 5 
nephrotic and 7 normal rats which did not re- 
ceive heparin. In each instance 0.2 ml of 
postheparin (or untreated) plasma was added 
to the test system, which consisted of 1.5 ml 
pooled normal rat plasma, 1 ml of 0.1 M 
phosphate buffer (pH 7.2) and 0.3 ml of 
1:100 dilution of 50% coconut oil emulsion 
(Ediol, Schenley Labs.,) in 0.9% NaCl. The 
system was then incubated at 37°C in spec- 
trophotometer cuvettes during 2-hour interval 
in which light transmission in the test system 
was measured at serial intervals in a Beckman 
model B spectrophotometer at 660 my. Dis- 
tilled water was used as the blank. The re- 
sults are expressed as percentage increases in 
light transmission which occurred during the 
experimental interval. For UFA studies, post- 
heparin plasma samples were obtained as 
above from 22 nephrotic and 20 control rats 
after varying doses of heparin (0.02 to 1 mg/ 
100 g body weight). For further control pur- 
poses, plasma of 4 untreated, normal rats also 
was obtained. UFA concentration of oil 
emulsion-normal rat plasma system described 
above was determined in each instance imme- 
diately and again 45 minutes after addition of 
0.2 ml postheparin (or untreated) plasma, 
during which interval the samples were in- 
cubated at 37°C. All blood samples were ob- 
tained in chilled syringes from the aorta after 
a 30-hour fast, blood being collected in pre- 
viously chilled tubes containing 1/10 volume 
of trisodium citrate, immediately separated by 
centrifugation in the cold for 15 minutes at 
4,000 rpm and kept in an ice bath until use. 
No attempt was made to remove residual 
plasma lactescence from  postheparin ne- 
phrotic rat plasma samples. To study rate of 
disappearance from plasma of lipoprotein 
lipase released in acute response to heparin 
injection, postheparin plasma samples were 
obtained 15, 45, 60 and 90 minutes after in- 
jection of heparin (0.4 mg/100 g) from 21 
nephrotic and 19 control rats. These were 
then assayed by measuring the change in light 
transmission occurring in the test system de- 
scribed above, during a 60-minute interval 
following addition of postheparin plasma 
sample to be measured. Duration of lipolytic 


activity of postheparin nephrotic plasma also 
was studied in an additional series of 14 
nephrotic and 15 control rats similarly in- 
jected with heparin and bled 10, 30, and 60 
minutes later. In each instance the UFA con- 
tent was determined immediately and 45 min- 
utes after addition of postheparin plasma to 
the usual test system. To determine whether 
lipolytic activity would continue to be pro- 
duced in plasma of nephrotic rats despite re- 
peated heparin injection, 4 nephrotic and 4 
control rats were each injected intravenously 
with 1 mg heparin at hourly intervals for 4 
hours. One hour later each rat was injected 
with 0.1 mg heparin and postheparin plasma 
samples obtained 10 minutes later. In each 
instance ability of the postheparin plasma to 
increase light transmission and to release UFA 
in the same oil emulsion-normal rat plasma 
test system was determined as described 
above. The final experiment was concerned 
with determining ability of the same trigly- 
ceride substrate to be hydrolyzed by lipopro- 
tein lipase when suspended in nephrotic rat 
plasma, the lipase being furnished by post- 
heparin plasma obtained from normal rats. A 
series of 8 starved nephrotic rats was bled 
from the aorta using cold syringes, and the 
plasma immediately separated in a refriger- 
ated centrifuge. All visible plasma lactes- 
cence was then removed by centrifuging at 
4°C for 30 minutes at 28,000 rpm and the 
cleared subnatant plasma kept in ice bath 
until used. Each plasma sample was divided 
into paired aliquots of 3 ml and to each ali- 
quot was added 0.35 ml of the 1:100 dilution 
of coconut oil emulsion and 0.25 ml of post- 
heparin plasma, obtained 10 minutes after in- 
jection of a normal 30-hour-starved rat with 
1 mg heparin. In addition, 60 mg of powdered 
bovine serum albumin (Armour Fraction V) 
was added to one of each paired aliquots. All 
samples were incubated at 37°C for 2 hours, 
during which light transmission was measured 
at intervals. UFA also was determined im- 
mediately and 45 minutes after addition of 
postheparin plasma. For control purposes, 
similar studies were done using plasma ob- 
tained from 5 starved, normal rats. 


Results. 1. Effect of heparin on blood clot- 
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TABLE I. Effect of Intravenous Heparin on Clotting Time of Nephrotice Rats. 


Total A otamine-i slotti i i 
NONE MATEY Mulectoral) <clotdng vg protamine-induced clotting time, min. 
Type ofrat rats wt,g mg/100ml_ time, min. .001 mg .002 mg 004mg .008 mg 
Rats bled 2 hr after heparin* 
Nephrotie 5 230 366 20.5 17.0 14.7 11.0 7.0 
(159-502)t (15-27) (14.0-22.5) (11.0-19.0) (8.0-14.5) (5.0-8.0) 
Control 12 245 54 22.9 19.0 10.5 5.2 4.8 
(41-69) (10-35) (12.5-23.0) (7.3-16.5) (4.0-6.3) (3.5-6.3) 
Rats bled 3 hr after heparin* 
Nephrotic 5 210 417 17.2 14.5 10.1 6.5 5.2 
(244-703) (13-22) (10.0-17.0) (9.5-11.0) (4.5-8.5) (4.3-8.0) 
Control 6 225 61 11.0 11.2 6.5 5.5 5.0 
(42-74) (7-17) (8.3-21.0)  (5.0-8.3)  (4.0-6.5) (3.3-6.5) 


* 0.5 mg/100 g. 


ting time of nephrotic rats. Table I presents 
results of blood clotting time of postheparin 
nephrotic and control rat blood. Blood clot- 
ting times of nephrotic rats averaged 20.5 
minutes in those bled 2 hours, and 17.2 min- 
utes in those bled 3 hours, after heparin injec- 
tion, compared to an average of 22.9 minutes 
and 11 minutes in their respective controls. 
Table I also shows amount of protamine sul- 
fate required to neutralize heparin-induced 
prolongation of clotting time of nephrotic rats’ 
plasma at each sampling interval, was not less 
than that required for comparable effect in 
their respective control rats’ plasma. 

2. Ability of nephrotic rat to release lipo- 
protein lipase following heparin administra- 
tion. The first experiment was concerned 
with ascertaining nephrotic rat’s ability to re- 
lease lipoprotein lipase into its plasma, im- 
mediately following heparin administration. 
Fig. 1 shows percentile average increase of 
light transmission in coconut oil emulsion-nor- 
mal rat plasma test system, following addition 
of plasma obtained from groups of nephrotic 
and control rats. Whereas no change in light 
transmission was noted following addition 
either of preheparin nephrotic or of control 
rats’ plasma, a progressive increase of light 
transmission was consistently observed fol- 
lowing addition of postheparin nephrotic 
plasma, of considerably greater magnitude in 
instances where the latter was obtained from 
nephrotic rats injected with larger quantity of 
heparin. At both dosage levels, rate and mag- 
nitude of increase of light transmission in the 
test system following addition of postheparin 


+ Range of values. 


nephrotic rats’ plasma were similar to changes 
induced by addition of postheparin plasma ob- 
tained from their respective controls. The 
plasma total cholesterols of nephrotic rats av- 
eraged 255 mg/100 ml (range: 152-527). 

Fig. 2 shows the increase of UFA in the 
same oil emulsion-normal rat plasma test sys- 
tem which occurred during 45-minute interval 
following addition of plasma obtained from 
nephrotic and control rats variously injected 
with heparin (0.02 to 1 mg/100 g weight). 
In each instance the average increase of UFA 
effected by postheparin nephrotic rats’ plasma 
was not less than that induced by their re- 
spective control rats’ postheparin plasma. As 
expected, in both groups the magnitude of 
UFA increase was progressively greater when 
postheparin plasma was obtained from rats 
given the larger dosage of heparin. On the 
other hand, no increase of UFA was noted in 
the test system following addition of plasma 
obtained from control rats not injected with 
heparin, the initial UFA content in these rats 
averaging 0.540 meq/1 (range: 0.432-0.592) 
and 45 minutes later averaging 0.502 meq/1 
(range: 0.412-0.540). Plasma total choles- 
terol of nephrotic rats averaged 357 mg/100 
ml (range: 163-457). 

The second experiment compared duration 
of lipolytic activity of postheparin nephrotic 
and normal rat plasma. Fig. 3 shows per- 
centage average increase of light transmission 
occurring in oil emulsion-normal rat plasma 
test system during 60-minutes following addi- 
tion of test postheparin nephrotic and control 
rats’ plasma, variously obtained at 15 to 90 
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minutes following heparin injection. At each 
interval, the lipolytic activity of postheparin 
nephrotic rats’ plasma, thus assayed, was not 
less than that of control rats. Fig. 4 shows 
the average increase in UFA content induced 
in the same oil emulsion-normal rat plasma 
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system by addition of postheparin plasma ob- 
tained from nephrotic and control rats again 
bled at various intervals following heparin ad- 
ministration. The postheparin plasma ob- 
tained from nephrotic rats bled 10 and 30 
minutes after heparin injection effected com- 
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parable or slightly gerater increases of UFA 
than did their respective control rats’ post- 
heparin plasma, the converse being found 
among rats bled 60 minutes after heparin in- 
jection. However, the number of rats in- 
volved in this experiment was relatively small, 
and the observed differences are not signifi- 
cant. The plasma total cholesterols of ne- 
phrotic rats averaged 298 mg/100 mg (range: 
163-457). 

The third experiment compared lipolytic 
activity of plasma obtained from nephrotic 
and control rats after repeated injections of 
heparin. Postheparin plasma thus obtained 
from nephrotic rats increased light transmis- 
sion an average of 28% (range: 21-34) dur- 
ing 60-minute interval following addition to 
the oil emulsion-normal rat plasma test sys- 
tem, and increased the UFA content of the 
test system from initial average of 0.485 
meq/l (range: 0.304-0.577) to 1.949 meq/l 
(range: 1.533-3.010) 45 minutes later. Addi- 
tion of control rats’ postheparin plasma to the 
test system similarly increased light transmis- 
sion an average of 27% (range: 22-30) and 
increased the UFA content from an initial 
average of 0.347 meq/1 (range: 0.149-0.600) 
to an average of 1.662 meq/1 (range: 1.209- 
2124), 

3. Ability of nephrotic plasma to support 
lipolysis of a triglyceride substrate. The final 
experiment was concerned with studying abil- 
ity of normal rat postheparin plasma to effect 
lipolysis of the same triglyceride substrate 
used above when suspended in nephrotic 
plasma ultracentrifugally “cleared” of its own 
excess triglyceride content. Addition of nor- 
mal rat postheparin plasma to the oil emulsion 
comparably increased the UFA _ content 
whether the triglyceride substrate was sus- 
pended in normal or nephrotic rat plasma, 
although the albumin content of the normal 
rat plasma averaged 2.74 g/100 ml (range: 
2.01-2.51) compared to an average of 0.79 g/ 
100 ml (range: 0.62-1.15) in the nephrotic 
plasma. Thus the UFA content increased an 
average of 1.305 meq/] (range: 0.517-2.074) 
in the oil-nephrotic rat plasma and 1.283 
meq/1, range: 1.034-1.727) in the oil-normal 
rat plasma following addition of the normal 


rat postheparin plasma. These values were 
not significantly altered when albumin was 
added to the same test system, averaging 
1.682 meq/] (range: 1.271-2.283) and 1.076 
meq/l (range: 0.449-1.423), respectively, 
under these circumstances. 

During the 2-hour experimental interval 
following addition of normal rat postheparin 
plasma, light transmission increased an aver- 
age of 46% in the control, oil emulsion-normal 
rat plasma system, and an average of 47% 
in the paired aliquots also containing added 
albumin (Fig. 5). In contrast, light transmis- 
sion increased an average of 24% during the 
same interval in the oil emulsion-nephrotic 
rat plasma test system following addition of 
the same postheparin plasma, and an average 
of 48% in paired aliquots containing added 
albumin. 

Discussion. Since lipoprotein lipase pro- 
duction is not related to the anticoagulant ac- 
tion of heparin, the results of the first experi- 
ment suggest that the experimental nephrotic 
state in rats is not associated with any abnor- 
mality in plasma disappearance of exo- 
genously administered heparin.t Moreover, 
the data can do no more than imply a similar 
normality in nephrotic rats’ handling of en- 
dogenously derived heparin. 

It is believed significant, however, that our 
studies failed to detect any abnormality in 
lipoprotein lipase response of the nephrotic 
rat to administered heparin. Thus, whether 
plasma was obtained from the nephrotic rat 
immediately, somewhat later, or even after 
repeated doses of heparin, it exhibited as 
much lipase activity as did plasma of rats 
similarly injected with heparin. 

That nephrotic rat postheparin plasma ef- 
fected release of UFA and optical “clearing” 
of the triglyceride substrate comparable to 
that induced by normal rat  postheparin 
plasma also fails to support the contention 
that such experimental nephrotic rat plasma 
contains an inhibitor of lipoprotein lipase 
(12). The presence of such an inhibitor has 

+ Although the data actually suggest a delayed 
rate of heparin removal in the nephrotic rat, any 
statistical evaluation of such a conclusion did not 
appear warranted in view of the relative crudeness 
of the assay method employed. 
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not been ruled out, however, since in the hu- 
man at least, it may be contained in the fatty 
layer of ultracentrifuged, hyperlipemic plasma 
(13), removed from the nephrotic plasma 
used in final experiment. 

In the final experiment no abnormality was 
detected in ability of nephrotic plasma to sup- 
port lipase-induced release of UFA from a 
triglyceride substrate suspended in such 
plasma. The fact that concomitant optical 
“clearing” of this triglyceride substrate pro- 
ceeded at a slower rate and was of lesser mag- 
nitude when suspended in nephrotic plasma 
compared to normal rat plasma is not 
surprising since lipase-induced release of 
UFA is only poorly related to optical den- 
sity changes and occurs even in absence of 
optical “clearing” (14). Addition of extra al- 
bumin to the hypoalbuminemic, nephrotic 
rat’s plasma appeared to normalize the ability 
of such plasma to support continued lipase- 
induced “clearing” of the added triglyceride 
substrate. This would appear only to con- 
firm the well-known role of albumin as an ac- 
ceptor for UFA(10,11) and the fact that con- 
tinued optical “clearing” of a triglyceride 
substrate by lipoprotein lipase is prevented 
‘by release of UFA in excess of that which can 
be bound by available albumin(10,11,14). 

Although adequate albumin appears essen- 
tial for sustained lipolysis im vitro(10,11,14) 
and for sustained lipase-induced, lipemia- 
clearing im vivo in the nephrotic rat(3), its 
known role as an acceptor of UFA(10,11) 
does not actually explain the mechanism by 
which severe renal loss of albumin and hypo- 
albuminemia appear sequentially to induce 
hypertriglyceridemia(1,2), hyperphospholipe- 
mia and hypercholesteremia(15). Thus our 
exeriments do not indicate any actual inability 
of lipase to release UFA in nephrotic plasma, 
and indeed, intravascular lipolysis of triglyce- 
ride may be neither a prerequisite nor a sig- 
nificant physiological mechanism for plasma 


egress of its fatty acid moiety (16,17). 

Summary. Heparin-activated lipolytic 
mechanisms were studied in vitro in rats with 
nephrosis experimentally induced by injec- 
tion of antikidney serum. The nephrotic rat 
was found normally capable of releasing lipo- 
protein lipase following heparin administra- 
tion. The nephrotic rat’s plasma also was 
found normally capable of supporting lipo- 
protein lipase-induced hydrolysis of a triglyce- 
ride substrate. 


1. Rosenman, R. H., Friedman, M., Byers, S..O., 
J. Clin. Invest., 1956, ¥35, S22. 

2. Rosenman, R. H., Smith, M. K., Am. J. Physiol, 
1957, v191, 40. 

3. Rosenman, R. H., Friedman, M., J. Clin. Invest., 
1957, v36, 700. 

4. Gitlin, D., Cornwell, D. G., Nakasato, D., Oncley, 
J. L., Hughes, W. L., Jr., Janeway, C. A., ibid., 1958, 
v3i, 172. 

5. Gitlin, D., Gross, P. A. M., Trans. Soc. Pediat. 
Res., May 1957. 

6. Heymann, W., Lund, H. Z., Pediatrics, 
v7, 691. 

i.) Block, Rowe, Durrum~ shee law Zwielcn GomeAl 
Manual of Paper Chromatography and Paper Elec- 
trophoresis. Academic Press, N. Y., 1958, p523. 

8. Saifer, A.. Kammerer, O. F., J. Biol. Chem., 
1946, v164, 657. 

9) Dole; VPi Je Clins Invest. 1950svo5eel50: 

10. Robinson, D. S., French, J. E., Quart. J. Exp. 
Physiol., 1953, v38, 233. 

11. Gordon, R. S., Jr., Boyle, E., Brown, Ro 1K; 
Cherkes, A., Anfinsen, C. B., Proc. Soc. Exp. Brot. 
AND Mep., 1953, v84, 168. 

12. Seifter, J., Baeder, D. H., ibid., 1954, v86, 709. 

13. Klein, E., Lever, W. F., ibid., 1957, v95, 565. 

14.. Grossman, M. I., Stadler, J., Cushing, A., 
Palm, L., ibid., 1955, v88, 132. 

15. Rosenman, R. H., Byers, S. O., Friedman, M., 
J. Clin. Invest., 1957, v36, 1558. 

16. Havel, R. J., Fredrickson, D. S., 
v35, 1025. 

17. Bragdon, J. H., Gordon, R. S., Jr., 
v37, 574. 


1951, 


ibid., 1956, 


ibid., 1958, 


Received August 27, 1959. P.S.E.B.M., 1960, v103. 


Effect of Inosine on Iron Absorption in Rats.* 
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In a series of studies Mazur and his col- 
laborators(1) presented data to indicate that 
iron may be mobilized from tissue cells 
through reduction and liberation of ferritin 
iron by xanthine oxidase. This mechanism 
may be activated through initial reduction of 
xanthine oxidase by injected nucleosides. 
Mazur’s studies deal chiefly with mobilization 
of iron from existent tissue stores, and the ef- 
fect of injected inosine on transport of iron 
acrss intestinal mucosa is examined. 

Materials and methods. Iron absorption as 
affected by inosine, was studied in male 
Sprague-Dawley rats weighing 200 to 300 g. 
All animals were given 5 mg of iron intramus- 
cularly (Imferont) 10 to 14 days before ex- 
periments to eliminate the possible influence 
of iron deficiency on our results. Approxi- 
mately 10 pce of Fe? as FeCl in volume of 
0.5 ml of acidified saline was administered by 
intubation to the etherized rat after 24 hour 
fast. Inosine+ was dissolved in saline and in- 
jected intravenously unless otherwise stated. 
Animals were sacrificed by exsanguination 8 
days later while under ether anesthesia. The 
liver was perfused free of blood. Total blood 
activity was determined from aliquot of blood 
removed and an assumed blood volume of 50 
ml/kg. Tissue counting was performed in 
most instances by placing the tissue or its 
aliquot directly in a vial for counting. Car- 
cass analysis was performed by digesting the 
entire autoclaved carcass in various fractions 
in nitric acid and analyzing an aliquot from 
each fraction. A scintillation counter was em- 
ployed for counting and a total of at least 
4,000 counts compiled on each sample. Sam- 
ples were usually in counting range of over 


* This investigation was supported by research 
grant from U.S.P.HS. 

+t Kindly supplied by Lakeside Labs, Milwaukee, 
Wisc. 

¢ Obtained from Schwarz Labs, Mount Vernon, 
N. Y. and Nutritional Biochemicals Ccrp., Cleve- 
land, O. 


20 times background, i.e., 2,000 to 20,000 
counts/minute. 


Results. Absorption studies are summarized 
in Table I. When given intravenously, ino- 
sine had a consistent effect in increasing 
amount of iron absorbed. This effect was 
maximal when inosine and iron were adminis- 
tered simultaneously. Inosine was without 
effect if given orally. The effect of inosine 
injection on iron absorption, was present over 
a range of iron dosage (0.07 to 4.6 mg/kg). 
The amount of inosine required for the effect 
appeared to be as little as 0.03 g/kg. 

Body distribution of absorbed radioiron 
with and without parenteral administration of 
inosine is shown in Table II. Liver and blood 
contained some 94% of total carcass activity 
in controls and 90% in inosine-treated ani- 
mals. Our studies indicate that inosine given 
at time of intravenous injection of transferrin- 
bound iron also produces a greater deposition 
of iron in the carcass exclusive of blood, mar- 
row and liver. 

Discussion. Any information which pro- 
vides an understanding of the intracellular 
handling of iron would appear important to 
our understanding of iron metabolism. Ma- 
zur’s studies(1) or the effect of xanthine oxi- 
dase in vivo in releasing iron from the ferritin 
reservoir of liver provide a possible insight 
into this problem. We have been impressed 
with the similar and the synchronous behavior 
of various body cells in response to certain 
situations which alter iron kinetics. Thus 
following bleeding, the reticulo-endothelial 
cell, the gastrointestinal-mucosal cell and the 
placental cell all show an increase in their re- 
lease of iron(2,3). The results here reported 
indicate that inosine influences iron transport 
across the intestinal mucosa as well as in the 
liver. The magnitude of this effect however 
was small (50 to 100% above normal absorp- 
tion) and suggests that the much greater in- 
crease observed in iron depletion or in idio- 
pathic hemochromatosis (300 to 600%) may 
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EFFrect OF INOSINE ON IRON ABSORPTION IN RATS 


TABLE I. Absorption Studies in Rats.* 


Amount —— % uptake———_, 
No.of Avg Tron, Inosine, ; 
Exp. Condition animals wt,g mg/kg g/kg Blood Liver 
1A Controls _ eee 2.56 (Saline) 2.0 + .73t .30-+.14t 
B Inosine 0° 3 323 2.7 Stil 3.5 + 1.08 HU a= 21S} 
Cc 4° before 0 time 4 312 2.56 .10 14 + .39 30 + .05 
D oe “4 + 321 2.49 gill Ph se NAD Fike} sus cll”) 
E 2° after 0 time 4 317 2.52 10 Pay) ae Wash 63 + .48 
13 Ais Ge ce 4 339 2.36 .10 PAS) cas AS) alse WY 
2A Controls 10 347 2.31 OU se 2 aly See 02) 
B Inosine 0 time 5 315 2.54 29 UNG st fay ase pall 
Cc Idem 5 327 2.45 18 13 Oca 32 + .06 
D a 5 342 2.3 09 1454+ .69 .39 + .06 
EH “ 5 311 2.57 08 113+ .49 pallae cles 
3 A Controls 4 340 .07 .09 4.61 + 2.69 89 + .46 
Inosine 0 time 4 320 .08 09 1.84 329,81 WAS eo 
B Controls 4 345 .29 .09 LKQ a= dil 23 + .04 
Inosine 0 time 4 328 30 09 Malla) ee fh 43 + .17 
C Controls 4 332 1.51 09 1.10 + 1.48 oe) ae oll) 
Inosine 0 time 4 332 1.51 .09 1.58 + .36 .28 + .09 
D Controls 3 326 4.60 09 BO pte cies 714 = .06 
Inosine 0 time 3 327 4.59 09 92+ .44 OT + BT 
4A Controls 8 275 .36 2.56 + .80 54 + .12 
B Inosine P.O. 5 277 .36 llal ery ae SNe) Ae a= IS) 
C Idem 6 318 rok 19 240+ .67 64 + .18 
+ + stand. dey. Besel sicorrection,, Si—=| ($a x = individual results 
* Animals were sacrificed 8 days after administration of radioiron. 
(Se n 
Veen n—-1 % = avg 


be mediated in another manner. These data 
do not exclude a non-specific effect of inosine, 
for example, on intestinal blood flow. They 
merely define the positive effect of inosine on 
iron absorption and its magnitude. Observa- 
tions on distribution of absorbed radioiron in 


TABLE II. Distribution of Absorbed Iron at 8 


Days.* 
Control group Tnosine* 

No. of animals 6 6 
Wt 337 (308-360) 338 (296-370) 

% of admin. iron 
Blood activity 4.34 4.93 
Liver 2 1.23 W455 
Careass  ” .36 .66 
Total ae 5.93 6.93 


* Dose of 0.3 mg/kg of iron was given by mouth 
and at same time 30 mg of inosine was given intray. 
Liver was not perfused. 


the carcass of rats, indicate that the difference 
in absorption is a true difference and not de- 
pendent on a change in internal distribution of 
iron. They also indicate that blood and liver 
analyses suffice in measurements of absorption 
of iron in non-pregnant animals. 

Summary.  Inosine administered intra- 
venously at time of iron absorption increased 
the amount of iron absorbed by 50 to 100% 
in rats. 
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Hypocholesteremic Effect in Man of Benzmalecene: An Inhibitor of 


Cholesterol Biosynthesis. 


(25404) 


STANLEY S. BERGEN, JR., THEODORE B. VAN ITALLIE AND W. H. SEBRELL 
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Benzmalecene, N-(1-methyl-2,3-di-p-chlo- 
rophenylpropyl)-meleamic acid (a isomer), 


has been shown by Huff and Gilfillan(1) to 


inhibit 2m vitro incorporation of mevalonic 
acid into cholesterol. These investigators 
also have demonstrated that benzmalecene 
lowers serum cholesterol when administered to 
rats(1). To determine the effect of benzmale- 
cene in human subjects, it was administered 
to a group of patients for periods varying from 
one to 7 weeks. 


Procedure. Nine patients were given 500- 
1000 mg of benzmalecene (free acid or the 
sodium salt)* per day for 10 to 53 days. Se- 
rum cholesterol levels were determined and 
measurements of hepatic, renal and hemato- 
poietic function were made before, during and 
after benzmalecene treatment. Temperature, 
blood pressure, pulse, weight, appetite and 
urinary output were closely followed. Pa- 
tients were studied in the hospital and were 
on the regular hospital diet, except when salt 
restriction was necessary. No other medica- 
tions or dietary supplements known to have 
a hypocholesteremic effect were adminis- 
tered during study. All 9 patients had coron- 
ary artery disease; in addition, one had pri- 
mary bronchogenic carcinoma, and one dia- 
betes mellitus. Six had elevated serum choles- 
terol levels. Ages of the patients ranged from 
37 to 81 years. Benzmalecene was adminis- 
tered either as the sodium salt or the free acid 
in amounts of 250 or 500 mg twice a day, 
after breakfast and in the afternoon. Two or 
more serum total cholesterol and cholesterol 
ester determinations were made before start- 
ing benzmalecene. Thereafter, determinations 
were made 2 or 3 times a week while patients 
were receiving benzmalecene, and at periodic 
intervals after cessation of treatment. Tests 
of renal, hepatic and hematopoietic function 


* Supplied by Merck Sharp & Dohme Research 
Lab., Rahway, N. J. 


were performed once a week. Serum total 
cholesterol and cholesterol ester levels were 
done by the Schoenheimer-Sperry method (2). 
Results. The effect of benzmalecene on se- 
rum cholesterol was evaluated in 6 of the 9 
subjects studied. One patient began to show 
a lowering of serum cholesterol while on 
benzmalecene but left the hospital after only 
8 days of treatment. Two patients developed 
laboratory evidence of possible toxic side- 
effects of benzmalecene and its effect on se- 
rum cholesterol was therefore obscured. In 
6 patients serum total cholesterol levels were 
lowered 11.4 to 25.3%, the average being 18 
+ 4.67% (Table I). This drop was statis- 
tically significant at the 0.01 level. The 5 
patients receiving either 1000 mg of the 
benzmalecene free acid or 500-1000 mg of 
the sodium salt per day had decreases of 15% 
or more. Depression of serum cholesterol 
level occurred within a week after the drug 
was begun; after discontinuance of benzmale- 
cene it took approximately a week for serum 
cholesterol to return to control values. None 
of the patients who received the benzmale- 
cene had any complaints attributable to the . 
drug. Appetite and body weight were not 
affected. The 2 patients who developed lab- 
oratory evidence of possible toxicity had ester 
decreases to a greater degree than total cho- 
lesterol and an eosinophilia of 12% and 16% 
respectively. One patient became slightly 
icteric and complained of generalized pruritis. 
He was receiving chlorpromazine concurrently 
and withdrawal of both medications was  fol- 
lowed by clearing of jaundice and disappear- 
ance of pruritis. These manifestations may 
have been due to chlorpromazine since they 
did not recur with a subsequent 4 day ‘‘chal- 
lenge” with benzmalecene. The other patient 
was on no other medication at time of study 
and sodium sulfobromophthalein (BSP) re- 
tention at 45 minutes increased from 8% to 
21% during benzmalecene treatment. Three 
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TABLE I. 


HyPpocHOLESTEREMIC EFFECT OF BENZMALECENE 


Changes in Serum Total Cholesterol during Administration of Benzmalccene. 


Avg control” 


Age (yr serum total Range of levels 

a Se cholesterol, Avg % during treat- 
of patients Medication Dose/day mg % (range) decrease ment,mg % 

72 a Sodium benzmalecene 1000 278 (274-282) 19 4 257-208 

81 fe) Benzmaleeene (free acid) 750 200 (198-202) 11.4 202-164 

58 a Idem 1000 299 (293-308) 17.0 256-240 

68 Q of si 318 (304-332) 25.3 245-229 

53 Q ” ” : i 

Sodium benzmalecene 500-1000 274 (255-292) 15.5 283-189 
66 Q Idem 500 282 (275-290) 19.8 256-202 


* Two or more successive determinations. 


other patients had depressions of serum alka- 
line phosphatase levels from control values of 
7-10 to 1.5-3.0 King-Armstrong units. 


Discussion. Benzmalecene appears to be 
an effective hypocholesteremic agent in man. 
There was no evidence of escape from the 
effect of the medication in these studies, but 
there seemed to be a definite minimal dose 
level below which an appreciable hypocholes- 
teremic response could not be obtained. Two 
of the benzmalecene treated patients (one on 
chlorpromazine concurrently) developed evi- 
dence of possible liver toxicity and eosino- 
philia. Blondheim(3) has reported probene- 
cid inhibition of BSP excretion in normal 
human subjects receiving probenecid. The 
similar pharmacologic action of benzmalecene 
and probenecid may well explain this effect of 
benzmalecene. However, the excessive re- 
duction in esterified cholesterol and the eosi- 
nophilia occurring in 2 of the patients under 
study seem best explained as possible toxic 
manifestations of the drug. Peck has noted 
elevation of alkaline phosphatase levels and 
increased BSP retention in dogs given benz- 
malecene orally in relatively high doses. In 


these animals the alkaline phosphatase eleva- 
tions returned to control levels on continued 
therapy with the same dose (personal com- 
munication). 

Summary. Benzmalecene in 0.5-1.0 g/ lay 
of the free acid (or sodium salt) was stu ied 
in 6 patients for 10 to 53 days. Serum t tal 
cholesterol levels in this group were decreased 
by an average of 18%. Accordingly, this 
drug shows promise as serum cholesterol de- 
pressant. However, treatment with benzmale- 
cene was associated with decreases in se um 
alkaline phosphatase and a drop in choles‘ 2rol 
ester levels in disproportion to decreas: of 
serum total cholesterol. These changes as 
well as occurrence of eosinophilia in 2 sub- 
jects suggest that benzmalecene in amounts 


used in this study may prove to be too toxic 
for clinical use. 


1, Hutt, J. We; Gilillany J. 2s PRoés Soc Exe: 
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3. Blondheim, S. H., J. Appl. Physiol., 1955 
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Benzmalecene: Inhibition of Cholesterol Biosynthesis and 


Hypocholesteremic Effect in Rats. 
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(Introduced by H. J. Robinson) 


Merck Inst. for Therapeutic Research, Rahway, N.J. 


‘n agent capable of inhibiting biosynthesis 
of cholesterol by mammalian systems, would 
be of possible clinical interest in various hy- 
percholesteremic states. The discovery that 
2-C'-mevalonic acid(1) is utilized by rat 
liver preparations for biosynthesis of choles- 
tercl with an efficiency far greater than any 
previously tried precursor has made possible 
the study of a number of compounds which 
would inhibit this system. This paper de- 
sci bes results obtained with benzmalecene,* 
a potent inhibitor arising from these investi- 
gations. 

ilethods and materials. In vitro experi- 
mets. A cell-free rat liver homogenate sys- 
ter which synthesizes cholesterol was _ pre- 
pa.ed employing the technic described by 
Bucher(2), as modified by Rabinowitz and 
Guin(3). Livers were obtained from male 
albino ratst received at 75-80 g weight and 
maintained for one week on Purina Labora- 
tory Chow. The substrate employed was 2- 
C!’-DL-mevalonic acid (2-C'#-MVA) having 
a © secific activity of 0.0125 mc/mM as meas- 
ured by liquid scintillation counting. Each 
tul ef contained 0.4 mg of 2-C'4-MVA, 1 ml 
of rat liver homogenate and 0.2 mg each of 
adenosine triphosphate (ATP) and diphos- 
phepyridine nucleotide (DPN). The volume 
was made to 2.2 ml with pH 6.9 buffer which 
has been previously described(3). The gas 
phase was 95% Oz and 5% CO». Incubation 
was carried out at 37° for 4.5 hours with agi- 
tation. Two mg of carrier cholesterol were 
added after incubation and the cholesterol was 
isolated and counted as the digitonide accord- 
ing to a previously described procedure(3). 
The benzmalecene was solubilized with an 


* Generic name for N-(1-methyl-2,3-di-p-chloro- 
phenylpropyl)-maleamic acid (a-isomer). This com- 
pcund was supplied by Dr. E. M. Schultz of Merck 
Shirp & Dohme Research Labs., West Point, Pa. 

| Sprague-Dawley strain obtained from C & L 
Breeders, East Greenville, Pa. 

| Screw cap culture tubes (20 x 125 mm). 


equivalent amount of NaOH in small amount 
of water and diluted to concentration of 1 
mg/ml with the pH 6.9 buffer solution. Ali- 
quots of the solubilized compound were added 
to the incubation mixture described, at the 
expense of the buffer solution. Jn vivo expert- 
ments. Holtzman male albino rats were ob- 
tained at 130-140 g in weight and maintained 
on Purina Laboratory Chow for one week. 
The rats were then randomized according to 
weight into several groups of 20 rats each and 
placed on Purina Lab Chow diet to which 
10% lard had been added. Benzmalecene was 
administered by incorporation in the diet. 
After 10 days, 2 ml blood samples were taken 
by cardiac puncture under light Nembutal 
anesthesia and placed in tubes containing 0.2 
ml of 0.4 M sodium citrate. The plasma was 
analyzed for total cholesterol by the method 
of Abell e¢ al.(4). 

Results. In vitro experiments. Table I 
shows results typical of those obtained when 
benzmalecene is added in increasing concen- 
trations to a rat liver homogenate system 
which converts mevalonic acid to cholesterol. 
As the concentration of benzmalecene is in- 
creased there is a sharp depression in choles- 
terol synthesis with maximum inhibition being 
obtained at the 0.15 mg/tube level or about 
Lox 104M. 

To determine if the inhibition by benzmale- 
cene of this multi-enzyme system was competi- 


TABLE I. Inhibition of In Vitro Incorporation of 
2-C'Mevalonic Acid into Cholesterol by Rat Liver 


Homogenates. 
Recovered 
Level, cholesterol, % 
Compound added* mg/tube epm/mg C inhibition 
None 1700 
Benzmalecene 05 975 43 
075 852 50 
.10 320 81 
15 9 99 
.20 2 100 


* Bach tube contained 400 pg of 2-C™-dl-meys- 
lonie acid (specifie activity = .0125 me/mM). 
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tive or non-competitive, the Lineweaver-Burk 
(5) method of plotting was employed. The 
incorporation of mevalonic acid into choles- 
terol over a range of 25 to 400 pg per tube 
was determined in the absence of inhibitor and 
then in the presence of a single level of benz- 
malecene in all tubes. The data, when plotted 
according to Lineweaver and Burk(5) (Fig. 
1), indicate the over-all inhibition to be non- 
competitive. Jn vivo experiments. Table II 
illustrates the effect of benzmalecene on 
plasma cholesterol level of rats when the com- 
pound was administered in the diet for 10 
days as the free acid and as the sodium and 
calcium salts. The free acid at levels of 0.1, 
0.2 and 0.4% in the diet reduced plasma cho- 
lesterol level by 12, 20 and 26% respectively. 


BENZMALECENE INHIBITION OF CHOLESTEROL BIOSYNTHESIS 


Little or no effect on body weight gain was 
apparent. Due to the possibility of poor ab- 
sorption of the free acid form, the sodium 
salt was also studied. This salt was more ef- 
fective, producing decreases in plasma choles- 
terol of 22, 29 and 39% at levels equivalent 
to those employed for the free acid. The hy- 
groscopic nature of the sodium salt prompted 
the testing of the calcium salt. This material, 
although appearing somewhat less active than 
the sodium salt at the 2 lower levels, was 
equal in activity at the 0.4% level. The 2 
salts caused some depressing effect on body 
weight gain. 

Discussion. The results of the 7m vitro ex- 
periment demonstrate that benzmalecene is a 
potent metabolic inhibitor of cholesterol syn- 
thesis. The exact point at which the meta- 
bolic block is exerted in the pathway of meva- 
lonic acid to cholesterol is not known. 

When benzmalecene, which blocks the syn- 
thesis of cholesterol by rat liver in vitro, was 
incorporated into a chow diet containing lard, 
a significant reduction in plasma cholesterol 
level resulted. Benzmalecene has been shown 
in other studies from these laboratories to 
produce a prompt depression in blood choles- 
terol in the dog when given orally at 50 mg/ 
kg/day(6). The inhibition of im vitro choles- 
terol synthesis by benzmalecene, coupled with 
its effect on plasma cholesterol level in in vivo 
experiments, suggests, but does not neces- 
sarily prove that the latter effect is a direct 
result of an im vivo reduction of cholesterol 
synthesis. 

A number of other substances have been re- 


TABLE II. Effect of Benzmalecene and Its Sodium and Calcium Salts on Plasma Cholesterol 
Level of Rats. 


Benzmalecene Benzmalecene Benzmalecene 
(free acid) (sodium salt) (ealeium salt) 
Plasma Plasma Plasma 
% compound cholesterol, Wt gain, cholesterol, Wt gain, cholesterol, Wt gain, 
in diet mg % g mg % g mg % g 
0 64.0 53 60.1 53 62.7 46 
1 56.2 50 46.8 44 51.0 47 
2 51.3 52 42.9 37 45.3 39 
A 47.5 51 36.4 31 36.8 
by SBD Be Gs 2.9 mg 3.2 mg 3.8 mg 
Pa ey 3.8 4.3 5.1 
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ported which inhibit hepatic synthesis of cho- 
lesterol and lower blood cholesterol; a-phenyl- 
butyric acid(7,8), a-p-bi-phenylbutyric acid 
(9,10) and vanadium salts(11,12). 

It is not known if an increased hepatic syn- 
thesis of cholesterol is a contributing factor in 
the etiology of the various abnormal metabolic 
states in which cholesterol has been impli- 
cated. The clinical study of benzmalecene in 
these conditions should be useful in obtaining 
information on their etiology and may offer 
a practical method of combating hypercholes- 
teremic states. 

Summary. Benzmalecene inhibited in vitro 
incorporation of 2-C14-mevalonic acid into 
cholesterol by rat liver homogenates. The in- 
hibition proved to be non-competitive. Oral 
administration of this compound to normal 
rats resulted in a significant reduction in 
plasma cholesterol. 
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I. Analysis of ‘Radioiron Assay in Fasted Rats, Using 


Cobalt as a Reference Standard.* (25406) 


R. J. SCHLUETER, H. NoRGELLO AND W. F. WHITE 
(Introduced by R. E. Thompson) 
Central Research Labs., Armour and Co., Chicago, Il. 


In the past few years research on erythro- 
poietin has expanded rapidly and the number 
of papers in this field has greatly increased. 
Unfortunately, however, it has been difficult 
to compare assay results between laboratories 
because there has been no reference standard. 
Gordon(1) documented the need for such a 
material. We attempted to remedy the situa- 
tion by choosing cobaltt as a readily available 
primary reference standard in the radioiron 
assay developed by Fried ef al.(2). Using 
the starved rat as subject, 5 wmoles of cobalt 
gives a substantial response above the saline 


* This paper is based on work done under Con- 
tract with Atomic Energy Comm. 

+t Here the simple term “cobalt” is understood to 
mean “cobaltous ion”. Reagent grade cobalt chlcride 
(CoCl,-6H,O) has been used as source of cobaltous 
ion, 


blank and therefore has been designated as 
the one unit response. Further studies have 
been made in the 1 to 2 unit range, com- 
paring cobalt to various erythropoietin frac- 
tions. Finally, a partially purified fraction 
from anemic sheep plasma has been carefully 
standardized against cobalt and has been 
adopted by our laboratory as a day-to-day 
working standard. 

Methods. Normal, 2 month old, male 
Sprague-Dawley rats, weighing 175 to 200 g 
were used. The rats were acclimated to the 
animal room for 4 days, and maintained on 
Rockland R-4 rat diet. At start of assay all 
food was withdrawn, but water was supplied 
ad lib. Samples were prepared in 0.05 M 
NaPO,, 0.15 M NaCl, pH 6.8 (saline). After 
30 hours fasting, the first 2 ml sample was 
injected intravenously (tail vein) under light 
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TABLE I. Analysis of Effect of Cobalt on Fe® Uptake in Fasted Rats in 7 Assays. 
Consecutive experiments in which both levels of cobalt were assayed. 


——— Saline ———,_ -——5 M Cot+ dose——, ,——10 pM Co** dose—, Slope 
No.rats % uptake Fe® No.rats %uptakeFe® No.rats % uptake Fe” b* Lambda 
6 2.86 + .45 6 Roll se i 6 12.93 + 5.02 14.02 .268 
6 A Ale Ol 6 6.31 + 1.07 6 9.46 + 1.64 10.45 132 
6 3.01 + 1.12 6 6.96 + 1.23 6 8.04 + 1.93 3.60 450 
6 Spills del’) 6 8.97 + 2.49 6 13.57 + 5.95 15.26 299 
6 3.94 + 1.20 6 10.19 + 3.39 5t 13.76 + 1.55 SH 230 
6 3.08+ .63 7 6.44 + 1.80 7 10.77 + 2.28 14.39 143 
6 Sell Ora e4O 7 6.44 + 2.48 u 10.86 + 3.33 14.67 .200 
+ 42 3.45 + .96 44 7.66 + 2.47 43 11.26 + 3.81 11.22 291 


* Based on log dose-response coordinates assuming 5 ~M Co** equal to 1 unit response. 
+ One response was less than the blank, hence its value was discarded. 


t Total. 


ether anesthesia. Twenty-four hours later, a 
duplicate injection was made. When cobalt 
was tested, it was given in 2 subcutaneous in- 
jections in 1 ml doses, in neutralized 0.15 M 
NaCl.} Twenty-four hours after final sam- 
ple injection, 1 ml of Fe(ic)°® chloride (1 to 
2 wc) was introduced into the tail vein. Six- 
teen hours after radioiron administration, a 1 
ml sample of blood was taken by cardiac 
puncture. Activity of Fe(ic)°® in the blood 
sample was determined by counting in a well- 
type scintillation counter. Calculations were 


plasma 


RPrA re ely 
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Adjust to pHO.Owith H3POq 
ond to O1SMNa Ch by dialysis 
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equilibrated with 
0.081 phe sphote ot pH 6.0 
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Adius H4.S with H3PO4@ 
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ot 0.07 MNaCl 

FIG. 1. Three step process for production of ery- 
thropoietin. 


{ Phosphate is omitted from NaCl used for prep- 
aration of CoCl, soluticn. 


+ — stand. dev. 


based on the assumption of blood volume be- 
ing 5% of final body weight(3). Potencies 
were calculated as described by Bliss(4). The 
saline response did not enter into the calcula- 
tions; however, only responses significantly 
greater than those of saline were considered 
valid. Materials. In addition to cobalt we iest- 
ed plasma, phenylhydrazine-anemic plasma 
(5) and fractions therefrom. Most fractions 
were made by procedure outlined in Fig. 1(6), 
Two fractions in particular will be discuss:d: 
Step 1 material, which is the fraction elu ‘ed 
from the first DEAE-cellulose column; and 
Step 3 material, which is the fraction eluted 
from second DEAE-cellulose column. In dia- 
lyzed lyophilized form, these fractions repre- 
sent yields of approximately 0.35 g and 0.06 
g/l of plasma, respectively. 

Results. (A) Cobalt: Earlier work by 
Goldwasser et al.(7,8) had indicated that co- 
balt stimulated incorporation of iron at dose 
levels of a few pmoles/rat. Preliminary ex- 
periments indicated that 5 to 10 umole doses 
gave responses substantially greater than the 
saline blank. Table I shows typical responses 
to these dose levels on consecutive assays. 
The pooled § value for assays in Table I 
is 0.291. Later work with our assay indicated 
that purified fractions from anemic sheep 
plasma gave slopes comparable to that of co- 
balt in the same response range (Table II) 
with A values averaging 0.229. Cobalt there- 
fore was accepted as the primary refercace 


§ is defined as standard deviation of a single 
response in terms of log-dose. It is calculated by 
dividing the standard deviation by the slope of the 
dose-response curve. 


# 
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TABLE II. Analysis of Effect of Standard Sheep Plasma Erythropoietin on Fe® Uptake in 
Fasted Rats in 7 Assays. Consecutive experiments in which both levels of sheep plasma erythro- 


poietin standard were assayed. 


7——— Saline ———_, ——1 mg standard-—, ,———2 mg standard ——, 


Slope 
No.rats %uptakeFe® No.rats %uptakeFe® No.rats % uptake Fe™ b Lambda 
6 2.61 + 1.67 5 6.18 + 2.43 5 WO se ifs} 15.24 081 
6 3.10+ 47 6 8.52 + .68 6 9.854 .24 4.41 272 
6 3.57 + 1.42 12 Pisa iLO! 6 12.90 + 4.15 12.40 .230 
4 5 8.504: .64 4 12.49 + 2.85 13.28 .136 
6 3.56 + .59 5 8.32 + 2.84 5 11.12 + 2.69 10.62 .248 
6 3.78 + 1.00 6 1:40 = 1262 5 AO Sect ere 11.98 oll) 
6 Salih See lhOy 6 9.82 + 2.57 6 12.08 + 2.48 7.53 336 
+t 36 3.40 + .86 45 8.47 + 1.80 37 11.45 + 2.60 799) .229 


* One rat was eaten by the others in the group thus the responses were all aberrant. 


+ Total. 


standard for low level responses with the 5 
pmole response designated as one unit(6). It 
was acknowledged that the relationship be- 
tween responses of cobalt and erythropoietin 
fractions might not hold true at higher levels 
or with different injection schedules. How- 
ever, it was believed that these complications 
could be avoided by selecting a reasonably 
pure erythropoietin fraction for use as a day- 
to-day working standard. Such a fraction 
would have to be carefully standardized 
against cobalt and then checked occasionally 
for maintenance of potency. 


(B) Plasma: On the basis of the cobalt 
standard, plasmas from individual sheep made 
anemic by phenylhydrazine(5) gave potencies 
in the range of 0.06 to 7.4 units/ml. However, 
pools of plasma from 25 to 50 sheep varied 
only from 0.2 to 1.6 units/ml. Plasmas from 
normal sheep, even at maximum dose of 4 
ml/rat, have not given significant responses. 
However, by assaying Step 1 fraction from 
normal plasma at high concentrations, it has 
been calculated that normal blood contains 
about 0.01 unit/ml. 

(C) Purified fractions: Step 1 fractions 
have shown potencies from 0.3 to 0.9 unit/ 
mg, and Step 3 fractions have been in the 
range of 1 to 4 units/mg. Both types of frac- 
tion have given dose-response slopes similar 
to those for cobalt in the 1 to 2 unit range. 
Further fractionation has given materials with 
indicated potencies to 50 units/mg. However, 
since Step 3 material was already reasonably 
homogeneous by ultracentrifugal and electro- 
phoretic criteria, and since it showed no toxic 
effects even at very high doses, it appeared to 


+ = stand. dev. 


be a suitable material for use as a working 
standard. Table II shows results of a series 
of assays on a Step 3 fraction pool. By com- 
paring results with those of cobalt in Table 
I, this fraction was very nearly 1 unit/mg. 
It has been used as the working standard for 
our assays and for development of dose-re- 
sponse curve, Fig. 2. Stored in lyophilized 
form in the refrigerator, it has not shown any 
appreciable loss of activity over several 
months. 


Discussion. The advantage of increased 


INCORPORATION 


PERCENT Fe°9 


1.2 


2 © OF Of) OS OE Io 1.4 


LOG DOSE (TOTAL UNITS) 


FIG. 2. Dose-response curve for standard (Step 3) 
erythropoietin. Data was accumulated from 7 con- 
secutive assays, exclusive of assays used for data in 
Tables I and II. Figures in parentheses indicate 
total No. of animals assayed at a given dose level 
and vertieal lines show stand. error of the mean. 
The line drawn is by inspection. One response on 
the 0.5 unit dose was omitted because of apparent 
aberrance. 
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TABLE IIT. Analysis of Dose-Response Curve. 


Unit dose ~ % stand. 


interval Slope Lambda error® 
1-2 6.8 .278 Weficliny 
2-4 16.6 182 45.5 
4-8 PATELS 139 Boul 

12-294 eee 431 142.6 


* Using 5 rats/level. Greater accuracy is natu- 
rally gained by use of more animals, thus, if 30 
rats were used in the 1 to 2 unit range, the approxi- 
mate stand. error would be lowered to 25%. 

+ Individual assays in the 1 to 2 unit range have 
varied in stand. error from 18 to 96%. 


sensitivity of the radioiron assay in the fasted 
rat over that of the normal(2) or even hypo- 
physectomized(9) rat has been demonstrated. 
As expected, however, degree of sensitivity in 
the fasted rat is a function of dose level. It is 
evident from Fig. 2 that the log dose-response 
curve shows an increasing slope, at least as 
high as the 11.3 unit dose (26.8% radioiron 
incorporation). Two other groups(9,11) 
working with purified urinary erythropoietin 
have studied the dose-response relationship in 
fasted rats but have not noted the sigmoid na- 
ture of the curve. An analysis of our curve 
between increasing dose levels (Table III) 
shows that the standard error of the assay 
can be decreased considerably at dose levels 
higher than the 1 to 2 unit interval. It would 
be more desirable to assay at these higher lev- 
els although there are several disadvantages, 
the most obvious being the limited amounts of 
erythropoietin available. Likewise, low po- 
tency materials would have to be injected in 
enormous volumes and/or concentrations. 
Under the procedure described, 4 ml of whole 
plasma is the practicable injection limit. Even 
at this concentration some mortality is in- 
curred with resultant cannibalism, hence re- 
sponses of remaining rats in the group are in- 
validated. The possibility of using subcu- 
taneous dosage for eliminating some of these 
problems is now being considered. Korst and 
Bethell(10) indicate that route of administra- 
tion is not critical. For purposes of following 
fractionation procedures, the accuracy in the 
1 to 2 unit response range with 5 animals/ 
level has proven adequate. Routinely stand- 
ards are obtained at both these levels on each 


assay, but the samples are performed at only 
a single intermediate level. Critical samples, 
however, are generally performed at 2 levels, 
and reassayed if response values fall outside 
of limits established by the standard. It 
should be pointed out that curve in Fig. 2 
cannot be applied directly as a standard curve 
for evaluation of potencies. Variations within 
each assay must be compensated for by per- 
forming at least 2 levels of standards in the 
desired response range. 

Summary. Radioiron assay of erythro- 
poietin has been analyzed and for purposes of 
inter-lab comparison of erythropoietic activ- 
ity, the response to 5 wmoles of cobalt, given 
by subcutaneous injections, is suggested to 
represent 1 unit of activity. A house standard 
of partially purified sheep erythropoietin, 
having a potency of 1 unit/mg, has been used 
to establish a dose-response curve up to 22.4 
units/rat. In this range the curve shows an 
increasing slope to 11.3 units/rat. On the 
basis of this assay, the potency of several frac- 
tions of sheep erythropoietin has been given. 


The technical assistance of M. L. Wang and L. 
Martino and helpful suggestions of J. D. Fisher are 
gratefully acknowledged. 
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(25407) 


Kiku NAKAO, FUMIMARO AND KUNITAKE HIRASHIMA 
(Introduced by John H. Lawrence) 
Gunma University School of Medicine; Professor Okinaka’s Clinic, Tokyo University 
School of Medicine 


As the result of thorough investigations on 
humoral regulation of erythropoiesis in recent 
years, it is now widely accepted that erythro- 
poietic factor or factors are present in plasma. 
In investigation of factors which influence 
heme synthesis, it was observed that saline 
suspended rabbit erythroblasts incubated with 
plasma from rabbits submitted to intermittent 
anoxia or to cobalt injections showed an ac- 
celerated heme synthesis when compared with 
those incubated with normal rabbit plasma 
(1). From these results, it was postulated 
that such plasma factor(s) might be increased 
in plasma of some patients with blood dys- 
crasias. In this paper this plasma factor(s) 
in various blood diseases was studied by 
measuring heme synthesis in chicken erythro- 
cytes incubated with glycine and patient 
plasma. 

Method. Glassware was cleaned and solu- 
tions prepared with redistilled water. Glycine 
and delta amino levulinic acid were supplied 
by Daiichi Chemical Co., and radioactive iron 
by Oak Ridge National Laboratory. Jncuba- 
tion: Two or 6 ml of saline suspension of 
chicken erythrocytes was incubated with gly- 
cine (2 - 5 x 10? M), radioactive FeCl, 
(0.5 - 1.0 microcurie), and 2 ml of patient 
heparinized plasma, with constant agitation 
for 3 hours at 37°C. The mixture was then 
transferred to 50 ml test tube and thoroughly 
washed with physiological saline. The hemin 
was crystallized according to the method de- 
scribed by Chu(2). Total activity of hemin, 
representing total activity of radioactive iron 
incorporated into heme during incubation, was 
counted by using a well-type scintillation 
counter. The cyanhematin method was em- 
ployed for quantitative determination of crys- 
tallized hemin. Specific activity of hemin was 
calculated by dividing total radioactivity 
(c.p.m.) of the crystallized hemin by amount 
of hemin in micro-Mol. The factor(s) in 
plasma which accelerated incorporation of ra- 


dioactive iron into heme was designated ten- 
tatively as “Heme Synthesis Accelerating Fac- 
tor” (H.S. A. factor). The variable activity 
of chicken erythrocyte suspensions in each 
series of experiments necessitated strict con- 
trol experiments using normal plasma. 

Results. When plasma from normal human 
beings was used, the specific activity varied 
+ 15%. Table I presents results of 2 experi- 
ments in which activity of H.S.A. factor (spe- 
cific activity of hemin) in various diseases, is 
compared with normal controls. Plasma from 
patients with iron deficiency anemia and he- 
mochromatosis contained less than normal H. 
S. A. activity, while in hemolytic anemia, 
polycythemia, aplastic anemia and acute leu- 
kemia the activity was increased. The in- 
crease was especially marked in the last 2 dis- 
eases. 

By using chicken erythrocyte hemolysate 
prepared by the method of Dresel and Falk 
(3), and delta amino levulinic acid (4-5 x 
10°* Mol.) instead of erythrocyte suspension 
and glycine, H. S. A. activity was even more 
distinctly demonstrable in aplastic anemia 
and acute leukemia (Table IT). 

A marked difference was observed in H. S. 
A. activity when heparinized plasma from a 
patient with aplastic anemia was assayed 
separately by the 2 methods. 

Although it seemed possible that stable iron 
present in plasma might interfere with incor- 
poration of radioactive iron into heme, there 
was no correlation between plasma iron levels 
and H. S. A. activity. A nonprotein filtrate 
(4) prepared from plasma which was very ef- 
fective in accelerating in vitro radioiron in- 
corporation into chicken erythrocyte hemo- 
globin (last 2 patients, Table II) did not ac- 
celerate incorporation of radioactive iron into 
heme in incubated chicken erythrocytes. 

Discussion. Specific activity of crystallized 
hemin indicates the effect of heme synthesiz- 
ing potency of the incubation mixture plus 
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TABLE I. Activity of Heme Synthesis Accelerating Factor in Various Human Diseases As- 
sayed by Employing Chicken Erythrocyte Suspension and Glycine. 


3lood find- S.A. of Fe 
ings, R.B.C. Serum Fe, in heme, % of 
Disease Hb, % < milion  +/100 ml epm/uM. normal 
(i) Using 6 ml of chicken erythrocyte suspension 
Normal 101 4.73 151 4320 100 
Tron deficiency anemia 46 3.02 48 1950 37 
Idem 38 3.44 60 2340 54 
Hemochromatosis 83 3.88 295 2440 57 
Banti syndrome 83 4.69 65 5500 130 
Physiol. saline 3820 89 
(ii) Using 2 ml of chicken erythrocyte suspension 
Normal 100 4.92 135 170 100 
Iron deficiency anemia 58 3.80 13 80 47 
Pancreas cancer 58 3.37 45 125 74 
Polyeythemia vera 134 tell; 83 720 430 
Hemolytic anemia 65 2.86 220 840 490 
Aplastic anemia 78 3.61 255 2210 1300 


that of added plasma. Using hypophysecto- 
mized rats as bioassay animals, Gurney e¢ al. 
(5) reported a high erythropoietin level in 
plasma and urine from patients with aplastic 
anemia, acute leukemia, and pernicious ane- 
mia. A high titer of erythropoietin has been 
found in urine of some patients suffering from 
aplastic anemia(6). Elevated erythropoietin 
activity in plasma has been observed in pa- 
tients with polycythemia(7). We observed 
that plasma from patients with hemolytic ane- 
mia, polycythemia, aplastic anemia and acute 
leukemia, accelerated in vitro heme synthesis 
in chicken erythrocytes. There is no evidence 
to indicate that the H.S.A. factor is the same 
as the erythropoietin studies by other investi- 
gators, because the methods employed to as- 
say for erythropoietin and H.S.A. factor are 
essentially different. Nevertheless, it is note- 
worthy that the H.S.A. factor was increased 


in diseases in which an elevated erythropoietin 


level 


is observed. 


Although a decreased 


erythropoietin level in plasma has never been 
detected, activity of the H. S. A. factor was 
somewhat reduced in iron deficiency anemia 
and hemochromatosis. 

Since there is no cell division in peripheral 
erythrocytes, the effect described here must be 
directly on acceleration or activation of heme 
synthesis. Borsook e¢ al.(4) described a heat 
stable plasma factor which is active in accel-: 
erating labeled amino acid incorporation in 
vitro into rabbit reticulocyte protein, espe- 
cially hemoglobin. The activity is not de- 
stroyed or precipitated by boiling at pH 5.5. 
A similarly prepared filtrate from plasma with 
high H.S. A. activity was completely inactive. 
This strongly suggests that the H. S. A. factor 
is different in its chemical nature from Bor- 
sook’s factor. 


TABLE II. Activity of Heme Synthesis Accelerating Factor in Various Human Diseases As- 
sayed by Employing Chicken Erythrocyte Hemolysate and A. L. A. 


Blood find- S.A. of Fe” 
ings, R.B.C. Serum Fe, in heme, % of 
Disease Hb, % < milion yv/100 ml epm/uM. normal 
Normal 100 4.92 135 LI Aw oe00 
¥ 95 4.87 124 8.4§ 9.7 100 
Tron deficiency anemia 65 3.47 24 2.6 27 
Idem 37 2.67 34 4.5 46 
Secondary polyeythemia* 112 6.12 51.4 530 
Acute myeloid leukemia 32 1.48 148 1530 
Idem 60 2.99 158 179 1840 
4 45 2.19 176 262 2700 
7 34 1.50 210 1260 ~ 13000 
Aplastic anemia 78 3.61 


255 


1010 10400 


* Secondary polycythemia due to cerebellar hemoangioma. 


* 
HYPERCHOLESTEROLEMIA IN HENS 49 


Summary. 1) A heme synthesis accelerat- 
ing factor was detected in human plasma by 
employing a newly devised method of incu- 
bating chicken erythrocytes with glycine, ra- 
dioactive iron and human plasma. Alterna- 
tively, one can use chicken erythrocyte he- 
molysate with delta amino levulinic acid. 2) 
This factor(s) was increased in hemolytic 
anemia, polycythemia, aplastic anemia and 
acute leukemia, and decreased in iron defi- 
ciency anemia and hemochromatosis. 3) 
“Heme Synthesis Accelerating Factor” and 
Borsook’s factor are not identical. 4) Rela- 
tionship between the ‘Heme Synthesis Ac- 
celerating Factor” and erythropoietin is dis- 
cussed. 


We are indebted to Dr. J. H. Lawrence and Dr. 


Nicarbazin Induced Hypercholesterolemia in the Hen.* 


D. C. Van Dyke for reading the manuscript and for 
suggestions and helpful criticisms. 
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Department of Poultry Science, Rutgers, State University, New Brunswick, N.J. 


The coccidiostat Nicarbazin (Merck) an 
equimolecular complex of 4,4’ dinitrocarbani- 
lide (DNC) and 2-hydroxy-4,6-dimethylpyri- 
midine (HDP) (1), may, under certain condi- 
tions, depress egg production, egg size, and 
hatchability; and increase yolk mottling and 
inhibit deposition of shell pigments(2). To 
this list can be added induction of hypercho- 
lesterolemia, for, as outlined in this report, 
such an effect was observed in hens which had 
been fed Nicarbazin at levels high enough to 
inhibit egg production, but not so high as to 
be otherwise toxic. 

Procedure. Nicarbazin was incorporated at 
desired concentrations into an all mash laying 
ration and fed to individually caged White 
Leghorns. The approximate composition of 
the diet was 15% protein, 3-4% fat from 
plant sources, 12% fat from animal sources 
and 1/40% cholesterol(3,4). Plasma choles- 
terol was measured at various intervals by a 


* Paper of the Journal Series, N. J. Agricultural 
Experiment Station, Rutgers, State University, New 
Brunswick, N. J. Supported in part by P.HLS. grant. 


slightly modified Zlatkis procedure(5,3,6). 
In several trials pregnant mares’ serum 
(PMS-Veterinary Gonadin Serum, Cutter 
Laboratories) was injected in the leg muscles 
of Nicarbazin-fed birds in an attempt to in- 
duce egg formation with exogenous gonadotro- 
phins. At least 2 replicates were run for all 
treatments, but the results have been pooled 
in the Tables. 

Results. Within 1-2 weeks after feeding 
mature hens Nicarbazin at a level between 
0.04 and 0.07% of the diet, egg production 
decreased drastically and plasma cholesterol 
rose approximately 2 fold (Table I). Only a 
slight rise in plasma cholesterol was observed 
in males. By 4-8 weeks in younger females 
(6-8 months old) on the 0.04% drug level, 
egg production ceased completely and plasma 
cholesterol rose to levels 3 to 4 times that ex- 
isting initially or in simultaneously sampled 
controls. This high level of plasma cholesterol 
was generally maintained to the 32nd week, 
when the longest trial was terminated. Total 
plasma lipids, while not measured, probably 
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were also elevated as indicated by the ex- 
tremely milky appearance of the plasma. 

Rate of egg laying decreased even more rap- 
idly in both younger hens on the 0.06% level, 
and older hens (15-18 months) on Nicarbazin 
levels between 0.04 and 0.07%, but plasma 
cholesterol did not reach as high a concentra- 
tion as in the younger hens on the 0.04% dose. 
In fact plasma cholesterol of older hens de- 
clined by the second week and was near con- 
trol levels by the 4th week. In both younger 
hens at the 0.06% level and in older hens, 
body weight fell steadily over the test period, 
in contrast to comparatively small changes in 
body weight of younger hens on 0.04% Nicar- 
bazin. 

Despite their failure to lay eggs, those birds 
that maintained elevated plasma cholesterol 
levels had normal plumage and large bright 
red combs, generally indicative in this breed 
of active ovarian function. As shown in Table 
II, their comb weight was equal to that of 
the controls. Similar observations have been 
made by Sherwood e¢ al.(7) and Baker e¢ al. 
(8) with respect to the appearance of hens 
on Nicarbazin. On the other hand there were 
often in these same birds external indications 
of non-laying such as increased yellow pig- 


Females 


chol., 


mg % 
195 


.04 
Eggs/ Plas. 


bird/ 
day* 
64 
.67 


6-8 mo 


wt, kg 
1.88 
1.82 


TABLE I. Effect of Feeding Nicarbazin on the Plasma Cholesterol of the Chicken. 
Body 


chol., 


mg % 
211 


Eggs/ Plas. 


Body  bird/ 
day* 


.0 (control) 
75 


wt, kg 
1.95 
0 
0 
0 
04 
9 
3.8 


8 
16 
32 


Avg No. of 


start 


Wk after 


% Nicarbazin> 


ment in the beak, ear lobes, and shanks, and 
decreased spread between the pelvic bones. It 
was further observed that those Nicarbazin- 
treated birds in which plasma cholesterol never 
rose or in which it fell after an initial rise 
showed external signs of reproductive inactiv- 
ity such as molting of plumage, decrease in 
size of combs (Table II) and loss of red 
color of comb. 

In a few instances, a Nicarbazin-fed bird 
began to lay eggs at a slow rate after having 
ceased production and having maintained a 
high plasma cholesterol level for several 
weeks. In such cases plasma cholesterol al- 
ways fell with the onset of egg-laying. Some 
birds in the 32-week-test passed through sev- 
eral such cycles of high and low plasma cho- 
lesterol with concomitant signs of reproduc- 
tive activity and inactivity. After feeding 
Nicarbazin for 4-6 weeks, replacement of the 
drug-containing-ration by control feed re- 
sulted in resumed egg-laying(7,8) and return 
of plasma cholesterol to control levels in ap- 


ie ¢) nN re 
ic a 


17.0 


.062 


15.3 


23.8 
.050 11.7 


23.8 


0 
.060 
* Computed for the 7 days preceding body wt and plasma cholesterol measurements. 


birds/meas- 


urement 
Pooled 8.E. 


4 


HYPERCHOLESTEROLEMIA IN HENS 5 


TABLE II. Effect of Injecting PMS into Nicarbazin-Fed Hens. 


Largest ova, in decreasing 


Body Eggs/bird Plas.chol., Comb Oviduet order, g 
Treatment wt, kg /day* mg % wt, g wt, g No.1 No.2 No.3 No.4 
Controls 1.88 .76 172 21.4 51.6 12.3 9.6 tel 5.0 
Nicarbazint (active N77 .00 853 23.5 29.1 Ilsa Neal 1.0 
ovaries) 
Controls + PMS¢ 1.90 09 241 26.2 55.9 153 149) 367 2n9 
Nicarbazint + PMSt 1.69 .00 663 20.2 31.4 1.0 8 6 
Nicarbazint (inactive 1.41 .00 228 3 16.0 <a: <a <All 
ovaries ) 
Avg No. birds/meas- 
urement Ore. 3.0 eo 2.0 Ben) 3.9 || 
Pooled stand. error§ 116 .076 63.9 1.70 4.69 1.98]| 
F ratio$ 2.04 38.929 10.019 31.199 10.449 10.084, 
_* For 7 days preceding sacrifice. + 04% for minimum of 6 wk. ¢ Hight IM inj. of 50-100 
units (1-2 cc) each of Gonadin Serum (Cutter Laboratories) over a 10-14 day interval. § From an- 


alysis of variance. 


proximately 2-3 weeks. This was not tried on 
birds which had been on treatment for longer 
than 6 weeks. 

On post mortem examination, the non-lay- 
ing, high-cholesterol, Nicarbazin-fed bird pre- 
sented a picture of partial reproductive activ- 
ity similar to that described by Baker e¢ al. 
(8). Yolk formation was obviously continu- 
ing, since many follicles were present which 
were at least 10 times heavier than those in 
an inactive ovary, but the largest follicles 
were still only about 1/10 the weight of nor- 
mal ova approaching maturity (Table II). 
There were always present a number of small, 
flabby ova suggestive of loss of yolk material, 
although there was no free yolk in the body 
cavity. The oviducts of these birds looked 
comparatively normal, but were about half 
normal weight, although still twice as heavy 
as in birds with completely inactive ovaries 
(table: Tl). 

Eight intramuscular injections of 50-100 
units each of PMS over a 2-week interval did 
not cause eggs to be laid by the Nicarbazin- 
fed birds (Table II). This in itself was of 
little significance, inasmuch as the same PMS 
treatment actually inhibited egg-laying in con- 
trol hens. However, on post mortem, it was 
apparent that PMS had induced yolk deposi- 
tion in the control hens, since the usual se- 
quential decrease in size of maturing ova was 
for the most part obscured. The ova of the 
Nicarbazin -+- PMS group, on the other hand, 
were no different in appearance or weight than 


|| Inactive ovary group excluded in computation. 


{ Significant at 1% level. 


those of birds treated with Nicarbazin alone 
(Table IT). 

Discussion. The accumulated evidence sug- 
gests strongly that the hypercholesterolemia 
induced in the hen by Nicarbazin is the result 
of resorption of yolk material before the ova 
reach ovulatory size and while they are still 
attached to the ovary. Further, in order to 
sustain the hypercholesterolemia, the repro- 
ductive system must remain functional to the 
extent that new ova are continulaly develop- 
ing at least through the initial stages of yolk 
deposition. These conclusions are substanti- 
ated by the observations (a) that Nicarbazin 
does not induce equivalent cholesterolemia in 
males or in females with inactive reproductive 
systems; (b) that the hypercholesterolemia 
develops in inverse relationship to egg-laying, 
and once induced cannot be sustained if egg- 
laying recommences or the reproductive sys- 
tem becomes inactive; (c) that active yolk de- 
position through the initial stages of ova 
growth is seen in birds with Nicarbazin-in- 
duced hypercholesterolemia; (d) that resorp- 
tion of yolk is indicated by absence of any 
ova approaching mature size and by presence 
of flabby ova. 

Nicarbazin-induced —hypercholesterolemia 
thus bears some resemblance to the heightened 
lipemic response Stamler e¢ al.(9) obtained to 
dietary cholesterol in hens with ligated ovi- 
ducts. These authors presumed that not only 
was excretion of lipoprotein through the egg 
prevented, but that mature yolks were being 
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ovulated into and absorbed from the body 
cavity. However, the hypercholesterolemia 
observed with Nicarbazin is several times 
greater than in the ligated-oviduct birds(9) 
despite a far smaller dietary cholesterol in- 
take. In view of their low dietary cholesterol 
intake, the high blood cholesterol of the Ni- 
carbazin birds must be primarily of endoge- 
nous origin, and therefore may raise some 
question as to the functioning of homeostatic 
mechanisms in the regulation of cholesterol 
biosynthesis in hens. If resorption of ova oc- 
curs sporadically in normal birds or can be 
stimulated by dietary fat manipulations, it 
may account for the great variability in the 
laying hens’ palsma cholesterol, particularly 
the very high values sometimes encountered, 
(10,11), and may also explain the negative 
correlation reported occasionally between 
plasma cholesterol and egg production(3). 


The failure of ova to mature under Nicar- 
bazin treatment does not appear to be due to 
a relative lack of pituitary gonadotrophins 
(8). Exogenous gonadctrophins (PMS), 
while inducing growth in control ova, failed 
to increase the size of ova of Nicarbazin- 
treated birds (Table II). Further, no consis- 
tent effect on male gonads or fertility has been 
observed with Nicarbazin to suggest any spe- 
cific effect on the pituitary(7,12,2), and in 
fact other than effects due to inanition no gen- 
eral tissue changes have been noted until feed 
levels reach 0.16% (12). The action of Nicar- 
bazin at lower doses would seem to be speci- 
fically on the ovary and ova, and there are 
several reports that indicate that the DNC 
component of the drug is deposited in the 
yolk, and that the permeability of the vitel- 
line membrane is altered(13,14,15). 

Production of sustained hypercholestero- 
lemia without changes in dietary lipid or pro- 
tein may provide another means of studying 
cholesterol metabolism and the relationship 
of plasma cholesterol to atherogenesis. The 
optimum level of Nicarbazin to induce hyper- 
cholesterolemia in hens should be the lowest 
level which causes involution of ova without 
affecting other functions. Since egg produc- 
tion, while severely depressed, may still occur 
at drug concentrations between 0.02 to 0.04% 


of the feed(16), this range may represent a 
minimum. However, the age of the bird seems 
to be important in these responses, for the 
0.04% level, which was effective in young 
hens appeared to depress body weight in older 
hens. For young hens the 0.06% level ap- 
pears to be excessive as indicated by the loss 
of body weight. 

Summary. The equimolecular complex of 
4,4’ dinitrocarbanilide and 2-hydroxy-4,6- 
dimethylpyrimidine (Nicarbazin, Merck), 
when fed at 0.04% of a low-fat, low-choles- 
terol diet to 6-8 month-old laying hens, dou- 
bled plasma cholesterol within 2 weeks and 
tripled it within 4 weeks. Thereafter the hy- 
percholesterolemia was maintained at levels 
between 600 and 900 mg % for as long as 32 
weeks. The hypercholesterolemia appears to 
be induced and sustained by continuous re- 
sorption of yolk from partially developed ova, 
while yolk material continues to be deposited 
in other ova just beginning the growth cycle. 


Technical assistance of Kurt Textor and Eugene 
Borbely is gratefully acknowledged. Nicarbazin was 
supplied as 25% premix through courtesy of Dr. A. 
Zeissig, Merck Sharp & Dohme. 
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Kari H. Storra (Introduced by George T. Lewis) 
Depts. of Biochemistry and Medicine, University of Miami Medical School, Miami, Fla. 


Howell(1) and McLean(2)_ established 
that the phospholipid factor necessary for 
formation of thromboplastin is an unsatu- 
rated cephalin. The question, however, re- 
mained whether PEt by itself, or PS by itself, 
their mixtures, or mixtures with lecithin are 
necessary. Poole and Robinson(3), O’Brien 
(4), and Rouser, White and Schloredt(5) 
maintain that PE is the active substance. 
Fischer and Hecht(6), however, showed that 
the purest PE is actually inactive. Even more 
confusing are opinions on activity of PS. Ac- 
cording to Maltaner and Rapport(7), PS is 
active if rabbit, not avian plasma, is used in 
the test. Barkhan, Newlands and Wild(8) 
concluded from experiments on human brain 
PLs that PS is probably an inhibitor. Bark- 
han, Silva da Costa and Tocantins(9) found 
that PS is clearly inhibitory in buffered, sa- 
line suspension. Silva, Turner and Tocan- 
tins(10) assayed PS as an anticoagulant by 
using Na deoxycholate in the test suspension. 
Contrary to these results, Troup and Reed 
(11) found that of various PLs only PS gives 
maximal thromboplastic effect. Marcus and 
Spaet(12) confirmed this, stating that PS 
isolated from platelets could replace the plate- 
lets in thromboplastin generation. Several 
authors claimed that the coagulation activity 
is not exercised by a single PL, but by inter- 
action of at least 2. The following authors 
state that either presence of lecithin is indis- 
pensable, or that lecithin increases activity 
of the corresponding cephalin fractions: Zunz 
and La Barre(13) ‘‘cytozymin”; Gracia and 


* This work was supported by grant from N.I.H.,, 
Bethesda, Md. 

+ Abbreviations used are: PL, phcspholipid; PE, 
phosphatidyl ethanolamine; PS, phosphatidyl serine. 


Levene(14) cephalin; Rapport(15) a ce- 
phalin fraction consisting mostly of PS; 
Therriault, Nichols and Jensen(16) very pure 
IESE 

Methods and materials. Testing. One rea- 
son for the diametrically opposite results of 
different authors is the fact that they used en- 
tirely different and often dubious test meth- 
ods. We found that the original Thrombo- 
plastin Generation Test of Biggs, Douglas and 
McFarlane(17) gives a reliable picture of 
activity of PL preparations, and this method 
was, therefore, used exclusively. PLs used, 
raw lecithin, protagon, and cephalin were 
prepared from fresh calf brain according to 
Klenk and Bohm(18) and Debuch(19). Leci- 
thin was purified by chromatography on alu- 
mina(20), and cephalin was separated into 5 
fractions by the method of Folch(21). Frac- 
tion III (molar ratio N : P = 0.95) contained 
not only PS, but also small amounts of PE, 
lyso-PE, mono phosphatidyl inositol, and di- 
phosphatidyl] inositol, as described by Ther- 
riault, Nichols and Jensen(16). Fraction IV 
(molar ratio N : P = 1.1) contained PE and 
PS in the proportion of 4 : 1, whereas fraction 
V (molar ratio N : P = 1.1) was almost pure 
PE with a trace of PS. Total PLs from egg 
were prepared from fresh egg yolks by the 
method of Rhodes and Lea(20). The PLs 
were dialyzed, and the dialyzate contained 
comparatively large quantities of free ethano- 
lamine and O-phosphory] serine, but no serine. 
Upon evaporation, the dialyzate left a residue 
which was chromatographed on silicic acid 
paper with phenol-water. Three ninhydrin- 
positive spots with Rf = 0.05 ( = O-phos- 
phoryl serine), 0.16 ( = glyceryl phosphoryl 
serine?) and 0.73 (= ethanolamine) were 
obtained. We found in the total egg, PLs 
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after dialysis 18.2% PE + lyso-PE. This 
corresponds to the 17.5% isolated by Rhodes 
and Lea(20). Analysis of ethanolamine and 
serine. The figures given above for PE and 
PS content of PLs we used are not absolutely 
correct, because the composition of the fatty 
acid side chains is variable. With the most 
recent methods of Nojima and Utsugi(22), 
and Dittmer, Feminella and Hanahan(23), as 
well as with a new method described else- 
where, we obtained good results with mixtures 
of pure ethanolamine and serine, but only du- 
bious values with natural animal and espe- 
cially with vegetable PLs. Thus, our values 
for ethanolamine and serine are only approxi- 
mate. L-a-(Dioleoyl)-PE, obtained from Dr. 
Erich Baer, Toronto. By ascending chroma- 
tography on silicic acid paper with di iso- 
butylketone, acetic acid, and water (40: 25 : 
5) only one spot, Rf = 0.73, was detectable 
with ninhydrin, FeCl; + sulfosalicylic acid, 
Sudan Black B, or Rhodamin G 6. The io- 
dine numbers obtained by using 0.5, 1, 1, 1.5, 
1.5 mg were respectively 51.3, 52.6, 54.6, 53.3, 
50.8 (theor. 68). 


Results. When suspensions of platelets or 
total brain lipids were tested in the Thrombo- 
plastin Generation Test, those containing 100 
pg PLs/ml were most active. This means that 
the incubation mixtures contained 25 mg% 
PLs as the optimal concentration. In these 
experiments, after 3 minutes incubation an 
average coagulation time of 10 seconds was 
observed. 


In all experiments serial dilutions of PL 
suspensions from 1,000 to 10 mg/ml were 
tested. Our report presents only results with 
levels of 100 mg/ml. 

Synthetic PE is very difficult to emulsify in 
saline or in 0.3% pluronic F 68 acid (a poly- 
mer of ethylene sulfate). However, excellent 
and very stable emulsions were obtained with 
lecithin (1 : 1) in saline or imidazol buffer, 
pH 7.2. But even these emulsions had no 
activity (Table I, 1-4). Our total PL prepa- 
ration from fresh eggs could be easily emulsi- 
fied and was also inactive (Table I, 5). Frac- 
tion V certainly lacked the activity of whole 
platelet or brain PLs, but it was more active 
than the synthetic PE or egg PLs (Table I, 


TABLE [. Activity of PS in Mixtures with PH, 
(Coagulation time in sec.) 


Exp. ———— Incubation time in min. ——, 
No. 1 2 3 4 5 6 
iI 160 142 138 135) 130 a fats) 
2 160 138 135) 125 100 95 
3 220 210 130 125 130 102 
4 102 100 95 89 65 48 
5 68 59 43 39 40 54 
6 phic. aby 16 20 90.5 25 
7 22 15 sy NyAs) 5) TI) 
8 12 ils i183 15 16 
9 11 85 10:2 12 13 15 
10 12 TS Or meelel: Ups lal 
11 14 ey AK) TOPs all 15 
1, 14 112) 1253 SOLO ae 
ig 9.2 8.2 Was 9 1 Sees 
14 9 8 eo 6.4 ay 5 
15 15 95 10.8 14 Wes ANS 


1. Synthetic L-a-(Dioleoyl) PE in saline. 2. Same 
plus lecithin (1:1). 3. Same plus lecithin (1:1) in 
imidazol buffer. 4. Same in 0.3% pluronic F 68 
acid. 5. Egg PLs. 6. Folch V. 7. 2% PS (brain), 
98% synthetic PH. 8. 5% PS (brain), 95% syn- 
thetic PE. 9. 10% PS (brain), 90% synthetic PE. 
10. 15% PS (brain), 85% synthetic PE. 11. Folch 
IV (20% PS). 12. Foleh III (70% PS). 13. 
Folch IIE + V (3:7). 14. Repetition of 13 with 
new preparation. 15. Same as 14, diluted 1:10. 
6). That fraction V was not completely in- 
active appears due to a minute amount of PS 
which it contains. It was demonstrated as 
follows that this may actually be the case: 
Chloroform solutions of different quantities 
of fraction III (mainly PS) were evaporated 
together with those of synthetic PE, and these 
mixtures of 2, 5, 10, and 15% PS with PE 
were tested in saline (Table I, 7-10). Even 
though these percentages of PS may not be 
quite accurate, due to difficulties of analytical 
determination of serine in PLs, we may con- 
clude that fraction V contained about 2% PS 
(corresponding to 0.13% serine). Further- 
more, it is evident that mixtures containing 
about 10% PS with PE are the most active. 
Fraction IV with 20% PS (Table I, 11) is 
more active than fraction V (Table I, 6). 
However, higher concentrations of PS than 
contained in fraction IV do not enhance ac- 
tivity, since fraction III (Table I, 12) is even 
less active than fraction IV (Table I, 11). A 
mixture of 3 parts of fraction IIT with 7 parts 
of fraction V gives practically the same coagu- 
lation time as fraction IV, because both con- 
tain about 20% PS in 80% PE (Table I, 13). 
Another preparation gave practically the same 
result (Table I, 14), and was also highly ac- 
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tive at levels as low as 10 pg/ml (Table I, 
15): 

Separation of PE from PS is difficult, par- 
ticularly when only traces of PS are present. 
This appears to be one of the reasons why PE 
has often been taken for the thromboplastin 
PL factor. In the yolk of fresh eggs there is 
no PS. In agreement with this we found no 
thromboplastic activity, contrary to findings 
of others(3). 

Lecithin is inactive (Table II, 1) as are also 
mixtures of lecithin with synthetic PE (Table 
I, 2, 3). Mixtures of lecithin and our frac- 
tion V (Table II, 2) have the same minimal 
activity as fraction V component alone. Leci- 
thin, however, is known to influence strongly 
the activity of PS, as Therriault, Nichols and 
Jensen(16) have shown. It must be empha- 
sized that optimal concentrations for mix- 
tures of PS with lecithin (phosphatidyl cho- 
line), as well as PS with PE, are the same, 
namely, around 10% PS (Tables II, 4 and 
eo). 

This fact supports the theory that the ac- 
tive PL is not phosphatidyl choline, PE, or 
PS alone, but a complex existing in nature or 
formed in organic solvents in stoichiometric 
proportions. PLs from platelets and brain 
contain PS, PE, and phosphatidyl choline in 
optimal proportions(12,24) and, therefore, 
possess highest activity. 

As Table III shows, very active prepara- 
tions, é.g., of mixtures of 20% PS in PE, are 
not completely inactivated, if less than 1 mg 
of sodium deoxycholate is present/mg PL. 
Test suspensions become clear, because the 
well-known formation of deoxycholate com- 
plexes with fatty acid groups takes place. 


TABLE II. Activity of PS in Mixtures with Phos- 
phatidyl Choline. (Coagulation time in sec.) 


Exp... ———— Incubation time in min, ——Y—, 
No. 1 2 3 4 5 6 

i 75 50 39:6" 36 34.5 37 

2 27 eS eee Ome LO 21 24.5 

3 10.5 8.8 OFS mee Lil 12 12.5 

4 9.5 8 8.8 Piso detest 

5 12 GES LOLS mello 23 elie 

6 shige = “allay als} 13.8 15 20 
1. Lecithin. 2. Lecithin + Foleh V (1:1). 3. 


Lecithin + 5% PS (brain). 4. Lecithin + 10% 
PS (brain). 5. Lecithin + 15% PS (brain). 6. 
Lecithin + 20% PS (brain). 


TABLE III. Inhibition of PS + PE Mixtures by 
Sodium Deoxycholate. (Coagulation time in sec.) 


—————_ Incubation time in min. 


Exp. = 
No. 1 2 3 4 5 6 
1 26 13 8 8 9 9 
2 80 60 24 14 9 9 
3 47.5 35 19 11 10.5 138 
4 40 45 28 15.5 10 9.4 
5 360 110 95 105 100 90 
6 90 85 90 90 91 83 
7 120 102 95 95 93 90 
8 100 88 105 =100 85 93 
y 130 125 125 120 130 133.5 


Suspensions in imidazol buffer pH 7.2 of 1 mg/ 
ml of fraction III + V (3:7) were used containing 
the following amounts in mg of sodium deoxycho- 
late per ml of suspension: (1) none, (2) 0.2, (3) 
WE. (a) TO, (Gy) 2, Oy BHO, (a): ZU, (3) BAO), 
(9) 6.0. 


Generation of thromboplastin only is re- 
tarded, but after 5 to 6 minutes a potent 
thromboplastin is formed (Table III, 1-4). 

If, however, 2 to 6 mg sodium deoxycho- 
late/mg PL is used, pronounced and practi- 
cally the same inhibition effects occur (Table 
II, 5-9). The threshold value lies between 1 
to 2 mg deoxycholate to 1 mg PLs. Appar- 
ently below this ratio less than one deoxy- 
cholate is available for each fatty acid ester in 
the PLs. Evidently, a 1 : 1 relationship is 
necessary for maximal inhibitory effect. 

Summary. Phosphatidyl ethanolamine and 
phosphatidyl choline are inactive in the 
Thromboplastin Generation Test, but they 
become highly active when present with about 
10% phosphatidyl serine. Phospholipids 
from fresh eggs are inactive, because they con- 
tain no phosphatidyl serine. Sodium deoxy- 
cholate gives clear, but less active or inhibi- 
tory suspensions. 


The author is very grateful to Dr. Erich Baer, 
Toronto, Canada, for a generous gift of synthetic 
L-a-(Dioleoyl)-phosphatidyl ethanolamine, and 
thanks Mrs. Jane Harvey and Joann Powers for ex- 
pert technical assistance. 
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Effect of Methyl Linoleate on Tissue Cholesterol of Normal and 


Vit. E-Deficient Rabbits.* 


(25410) 


L. C. Smitu, Y. S. SHIN AND D. T. FREIER 
Dept. of Biochemistry, School of Medicine, State University of South Dakota, Vermillion 


It has been shown(1,2) that a diet high in 
polyunsaturated fatty acids could significantly 
lower serum cholesterol; whereas Vit. E-de- 
ficient diet increased serum and muscle 
cholesterol(3,4). Shull e¢ al.(5) have shown 
that supplementation of Vit. E-deficient ra- 
tions with certain antioxidants delayed onset 
of dystrophy symptoms, but did not prevent 
the rise in plasma and muscle cholesterol. It 
appears, therefore, that Vit. E and unsatu- 
rated fatty acids might be interrelated with 
one another in controlling cholesterol levels of 
various body tissues. Previous studies on the 
effect of Vit. E or essential fatty acids on se- 
rum or tissue cholesterol level have been made 
with either Vit. E or essential fatty acids 
alone. These have been further complicated 
by simultaneous feeding of cholesterol or 
other antioxidants. Our studies describe the 
effect of feeding Vit. E and methyl linoleate 
on cholesterol content of serum, liver, kidney, 


* This investigation was supported by research 
grant, Am. Cancer Soc., S. Dakota Division. 


heart, spleen, brain and muscle of normal and 
Vit. E-deficient rabbits. 


Methods. Forty-two rabbits of both sexes 
were divided into 4 groups and fed the fol- 
lowing diets ad lib.: A. Dystrophy producing 
diet of Young and Dinning(6); B. Dystrophy 
producing diet plus 10% methyl linoleate; C. 
Dystrophy producing diet plus 8 mg oral 
alpha tocopherol acetate thrice weekly; D. 
Dystrophy producing diet plus 8 mg oral 
alpha tocopherol acetate thrice weekly plus 
10% methyl linoleate. When methyl lino- 
leate was incorporated into the diet, an 
equivalent weight of sucrose was deducted. 
After symptoms appeared(7), blood was with- 
drawn by heart puncture and animals were 
sacrificed by intravenous injection of air. 
Then aliquots of spleen, kidney, liver, heart, 
brain and muscle were removed, and approxi- 
mately 100 mg (wet wt) were used for choles- 
terol analyses. Cholesterol was determined 
by the method of Herrmann(8) after slight 
modifications suggested by the author. 


Results. Distribution of cholesterol in vari- 
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TABLE I. Effect of Diet on Cholesterol Content of Rabbit Tissues. Values expressed as mg % 
cholesterol and probable error of mean. 


Diet A Diet B Diet C Diet D 
; Vit. E defic. Vit. E defic. Vit. E defic. + 
Tissue Vit. E defic. + meth. lin. + vit. E meth. lin. + vit. H 
Serum 362 + 19.7 230+ 8.7 178+ 9.4 147 + 15.5 
Spleen 426 + 7.5 355 + 12.2 388 + 12.2 357+ 7.8 
Kidney 386 + 11.2 328+ 7.0 335 + 11.4 346 + 12.5 
Liver 382 + 15.3 2944 6.5 341 + 24.9 343-2 34 
Heart 175+ 5.4 142 + 45 136+ 4.9 147+ 6.4 
Brain 1531 + 63.4 1509 + 50.4 1406 + 45.8 1580 + 37.1 
Muscle 1732) Sul 166+ 5.1 Tie 76+ 9.9 


ous tissues of normal and dystrophic rabbits 
is shown in Table I. Values are expressed as 
mg cholesterol/100 g wet tissue or 100 ml 
serum, and represent average of tissues from 
10 animals each on Diets A & B, and 11 rab- 
bits each on Diets C & D. There was a sig- 
nificant decrease in serum cholesterol (p< 
0.01) of animals receiving dystrophic Diet B 
plus 10% methyl linoleate as compared to 
those on dystrophic Diet A alone. Less sig- 
nificant differences were noted in liver, heart, 
kidney and spleen (p<0.01), while brain and 
muscle failed to show important variations in 
the 2 groups. When animals of Group A were 
compared to Group C, marked lowering in 
cholesterol of the latter group was noted in 
serum and muscle (p<0.01) with less but 
significant difference in heart tissue (p = 
0.01). The other tissues showed lower, but 
not significant differences. Tissue cholesterol 
of rabbits on Diet C did not vary from those 
receiving methyl] linoleate on Diet D. Rab- 
bits on Diet C had similar tissue cholesterol 
values to those receiving dystrophic Diet B 
supplemented with methyl linoleate. The ex- 
ceptions were that serum cholesterol of the 
latter group had a slight increase (p>0.01< 
0.05) while muscle cholesterol showed a 
marked elevation (p<0.01). 

Discussion. It has been previously shown 
(3,4) that diets deficient in Vit. E cause in- 
creased skeletal muscle and serum cholesterol, 
and our work substantiates these findings. 
Studies in several laboratories have estab- 
lished the effects of unsaturated fats in lower- 
ing serum cholesterol(1,2). Our data do not 
show that animals receiving Vit. E and 10% 
methyl linoleate have significantly lower se- 
rum or tissue cholesterol than animals receiv- 
ing Vit. E alone. This may be explained by 


the fact that the latter group of animals did 
not receive an isocaloric substitution of hy- 
drogenated oil as did those of other workers 
(9). 

Perhaps the most important point from 
these experiments is that rabbits on a dystro- 
phic diet with methyl linoleate had lower se- 
rum and tissue cholesterol than animals re- 
ceiving the dystrophic ration alone. Only 
muscle and brain showed no decrease in cho- 
lesterol. Also rabbits fed methyl linoleate 
supplemented dystrophic diets had similar tis- 
sue cholesterol values to animals receiving 
Vit. E, muscle being the one exception. From 
these observations, it is concluded that Vit. E 
is a more important factor than methyl lino- 
leate in maintaining normal tissue cholesterol 
metabolism, but methyl linoleate may aid in 
reducing tissue cholesterol, muscle excepted, 
when Vit. E stores are inadequate. It is con- 
ceivable that the beneficial effects of methyl 
linoleate in lowering tissue cholesterol may be 
due in part to the fact that it spares traces of 
Vit. E in the diet. 


Summary. 1. Distribution of cholesterol 
in 7 tissues of normal and dystrophic rabbits 
was determined. 2. Significant decreases in 
serum, liver, heart, kidney, and spleen choles- 
terol occurred in animals receiving dystrophic 
diet plus 10% methyl linoleate as compared 
to those receiving dystrophic diet alone. 3. 
Vit. E caused a lowering of cholesterol in se- 
rum, muscle, and heart tissue. 4. 10% me- 
thy] linoleate did not significantly lower tissue 
cholesterol of normal animals. 5. Dystrophic 
rabbits receiving methyl] linoleate had similar 
tissue cholesterol to normal rabbits with the 
exception of muscle tissue. 
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Daniet S. Martin, L. S. DIETRICH AND RutH A. FUGMANN 
Depts. of Surgery and Biochemistry, University of Miami, School of Medicine, Fla. 


Our emphasis has been placed on utilizing 
combinations of drugs in treatment of neo- 
plastic growth(1-5). Previous reports have 
shown mouse mammary adenocarcinoma 755 
to be adversely affected by stilbestrol(5), and 
by the niacin antagonist, 6-aminonicotinamide 
(3). The present studies demonstrate the ef- 
fects of the combined administration of the 
hormone and the anti-vitamin on the 755 tu- 
mor. 

Materials and methods. Mammary adeno- 
carcinoma 755 grown in the C57 Bl mouse 
was the tumor-host system used in all studies. 
The tumor was implanted into the right axil- 
lary region of the mouse by the usual trocar 
technic. The animals were 2-4 months old, 
weighed 18-22 g and were housed in plastic 
cages in an air-conditioned, constant tempera- 
ture room (74°F). They had free access to 
Rockland pellets and water. 6-Aminonico- 
tinamide (6-AN), in saline, was administered 
intraperitoneally at a dose of 2 mg/kg/day; 
stilbestrol and testosterone, in sesame oil, 
were administered intramuscularly at doses of 
10 mg/kg/day and 25 mg/kg/day respec- 
tively. Biological. Treatment was initiated 
on very well-established tumors (14-20 days 
old) and was continued for 5 to 7 days. In 
order to note any delayed host toxicity, a 
waiting period of 5 to 6 days of no treatment 
was observed after last injection. At the end 
of this period the animals were sacrificed, the 

* This work was supported by grant from Nat. 
Cancer Inst, 


tumors were removed and wet weights were 
determined to the nearest milligram. A group 
of animals (labelled “‘sacrificed controls”) was 
sacrificed on the day that treatment of the re- 
maining groups was initiated. Mean tumor 
weight of this group served as a reference 
point for evaluating the effect of chemother- 
apy on other groups in the experiment. The 
statistical method used to calculate the sig- 
nificance of the results has been reported(3). 
Enzymatic. The animals were sacrificed by 
cervical rupture 24 hours after cessation of 
therapy. The tissues were immediately re- 
moved, chilled in crushed ice, blotted dry, 
and homogenized in 0.25 M sucrose contain- 
ing 0.02 M nicotinamide and 0.004 M versene 
in a glass homogenizer of the Potter type(6). 
The ability of tissue homogenates to convert 
to citrate was measured as follows: pyruvate, 
0.011 M; ATP, 0.007 M; MgCls, 0.008 M; 
nicotinamide, 0.04 M; potassium phosphate 
buffer (pH 7.4), 0.001 M; fluorocitrate, 2.15 
x 10+* M; and the appropriate volume of tis- 
sue homogenate was added to ice-cold reaction 
vessels. Ice-cold isotonic KCl was added to 
give, after addition of substrate, a final vol- 
ume of 2.7 ml. Immediately before the ves- 
sels were placed in a constant-temperature 
water bath, 0.2 ml of a 0.10 M malate solu- 
tion was added. All reactants were neutra- 
lized with KOH prior to addition. Incubation 
was carried out at 37°C with agitation for 30 
minutes, at which time the reaction was 
stopped by addition of 0.5 ml of 30 trichloro- 
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TABLE I. Effect of Androgen-Estrogen Therapy on 6-Aminonicotinamide Carcinostasis. 


Mean tumor wt No. animals 


% change 


Exp. Sex Group* + S.E. (mg) dead/total in body wt 

1 a Sac. control 463 + 64 

6-AN 1009 + 159 0/20 — 3 

» 4+ Test. 639 + 129 1/20 Hers 

Test. -- Stilb. 2632 -+ 294 1/20 +20 

6-AN+ ” 526 = 133 5/20 — 6 

ys Test.--= Stilb. 207 + 45 0/20 =D 
2 ce) Sac. control 405+ 57 

6-AN 798 + 157 0/15 0 

2S -tNeste 430 + 105 0/17 ap 0 

Test. -- Stilb. 2179 + 114 0/18 +24 

6AN+ ” 300+ 94 1/16 NG 

et est. seulb: 188+ 46 0/16 0 


* Sac. control = Animals sacrificed on day injections begun to other groups. 


Therapy was 


begun upon well-established tumors (14-20 days old). 6-AN = 6-aminonicotinamide (2 mg/kg 
daily); Test. = Testosterone (25 mg/kg daily); Stilb. = Stilbestrol (10 mg/kg daily). 


acetic acid (TCA). Citrate analyses(7) were 
carried out on the supernatant material ob- 
tained upon centrifugation. 100 mg of tumor 
tissue, as homogenate, was added to each reac- 
tion flask. 

Results. Biological studies. The results 
of 2 representative experiments are noted in 
Table I. The chart graphically summarizes 
all 8 experiments. 

The combination of 6-AN and stilbestrol 


270 


66 % 


100 


755 TUMOR GROWTH 


AV. % 


6AN 6-AN 6-AN 


+ +. + + 
TEST TEST STILB STILB 
+ 
TEST 

FIG. 1. Combination chemotherapy: 6-aminonico- 


tinamide (6-AN) + stilbestrol (stilb) + testos- 
terone (test). (Summary of 8 experiments, Ae ap 
4 9.) 


produced a significantly greater anti-tumor 
effect than either agent administered alone in 
3 out of 4 experiments in males and in 3 out 
of 4 experiments in females. The 4th experi- 
ment in males showed borderline significance; 
the 4th experiment in females was negative. 

TABLE II. Effect of Diethylstilbestrol and 6-am- 


inonicotinamide Administration on Conversion of 
Malate to Citrate in 755 Tumor Homogenates. 


Activity,t 
pmoles citrate pro- 
duced/30 min./g 

Exp. Treatment* tissue wet wt 
1 Saline control 84+ .4 (9) 
Stilbestrol 8.34.4 (10) 
2 6-AN 85+ .3 (8) 
” + stilbestrol 47+ 4 (8) 


* 6-aminonicotinamide was administered at level 
of 2 mg/kg for 6 consecutive days. Stilbestrol was 
given in sesame oil at 10 mg/kg/day. 

+ + stand. error. Figures in parentheses repre- 
sent No. of tumors analysed. 

Addition of testosterone to 6-AN + stilbes- 
trol maintained the anti-tumor effect of the 
combination of 2 drugs and at the same time 
markedly reduced host toxicity. 

Addition of testosterone to 6-AN resulted 
in increased carcinostasis over that produced 
by 6-AN alone. Degree of carcinostasis, how- 
ever, was not of a statistically significant mag- 
nitude in females and only of borderline sig- 
nificance in males. 

Biochemical studies. Stilbestrol adminis- 
tration per se had no effect on ability of 755 
tumor homogenates to convert malate to cit- 
rate (Table II, Exp. 1). Stilbestrol, however, 
markedly enhanced ability of the niacin an- 
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tagonist, 6-AN, to antagonize conversion of 
malate to citrate (Table II, Exp. 2). This 
level of 6-AN (2 mg/kg), by itself, has been 
shown to have no effect on the malate to cit- 
rate pathway(8). Previously, lethal levels of 
6-AN were necessary to demonstrate a signifi- 
cant antagonism of the malate to citrate sys- 
tem in 755 tumor homogenates(8). Thus, 
stilbestrol, by reasons unknown, increases 6- 
AN toxicity to the 755 tumor without exert- 
ing the same degree of augmentation of toxi- 
city to the host tissue. These preliminary en- 
zymatic studies are correlated with the bio- 
logical findings (Table I). How these findings 
are related to those of Ville e¢ al.(9) and Hur- 
lock and Talalay(10), who have previously 
shown a relationship between estrogens and 
pyridine nucleotide metabolism, is unknown. 


Summary. 1) The data show that combina- 
tion of hormone, stilbestrol, and anti-vit, 6- 
aminonicotinamide, has a greater anti-tumor 
effect than that produced by either drug alone. 
Further, addition of testosterone to the com- 
bination lessens host toxicity without altering 
the anti-tumor effect. 2) At an enzymatic level 
stilbestrol enhanced ability of this niacin an- 
tagonist to antagonize conversion of malate 


to citrate, suggesting a possible mechanism of 
action to explain the observed biological facts. 


The authors acknowledge technical assistance of 
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Reversible Inhibition of 2,5-Alkyl Benzimidazoles on Chicken Sperm.* 
(25412) 


UNABELLE Boccs BLacKwoopt AND GROVER C. Harris, JR. 
(Introduced by C. S. Shaffner) 
Dept. of Poultry Husbandry, University of Maryland, College Park 


Alkyl benzimidazoles are known inhibitors 
of a variety of biological systems exhibiting a 
characteristic order of inhibition(1-6). Be- 
cause of the nature of inhibition of virus mul- 
tiplication and the characteristic inhibitory 
order, it has been suggested that the benzimi- 
dazoles inhibit a basic biosynthetic mechan- 
ism(s) involving nucleic acids and/or nucleo- 


* Scientific Article No. A804, Contribution No. 3075, 
of Maryland Agri. Exp. Station (Dept. of Poultry 
Husbandry). Supported in part by grant from Nat. 
Inst. of Arthritis and Metab. Dis. 

+ Present address: Poultry Science Dept., Ohio 
State Univ., Columbus. 


protein(2,3,7). With these suggestions in 
mind, studies presented here were conducted 
to determine the effect of three 2,5-alkyl ben- 
zimidazoles on chicken sperm, a relatively 
simple biological system whose metabolic 
processes were assumed to involve mostly 
respiration. 

Materials and methods. Pooled samples of 
semen were used. Semen was collected from 
Univ. of Maryland flightless strain males by 
massage technic. 2,5-Dimethylbenzimidazole 
(DMB) and 2-ethyl-5-methylbenzimidazole 
(EMB) were dissolved in 0.07 N HCl and 
2-hepta-5-methylbenzimidazole (HMB) was 
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dissolved in 0.118 N HCl at concentra- 
tion of 10 mg/ml. Aliquots were added 
to 1/6 M phosphate buffer(8) to which semen 
was added at 1:9 dilution for motility deter- 
minations and 1:3 dilution for storage and 
fertility determinations. For fructose fermen- 
tation studies, as indicated by acid produc- 
tion, aliquots of inhibitor solutions were added 
to 1% M solution of fructose diluted with 1% 
M phosphate buffer giving final concentration 
of 2.25 mg/ml of fructose. Three parts of 
this solution were mixed with 1 part semen. 
These values were based on previous studies 
using pH depression as indicator of carbohy- 
drate utilization(9). Acid production was de- 
termined, after incubation in stoppered tubes 
for 3 and 6 hours in 37°C water bath, by titra- 
tion to pH 8 with 0.02 or 0.05 N NaOH. For 
fertility determinations, the semen-inhibitor- 
buffer solution was stored 3 days at 10°C. 
The inhibitor was essentially removed by di- 
luting to 1:23 and 1:39 with buffer, centri- 
fuged, and resuspended to original volume of 
1 ml with Lake’s solution(10). This sperm 
suspension was then inseminated into hens 
taking care not to exceed 114 hours for wash- 
ing and insemination process. The number of 
hens inseminated varied between 5 and 10/ 
treatment. Controls were: a) fresh semen in- 
seminated on day of collection to test fertiliz- 
ing capacity of untreated semen, and b) stored 
semen diluted 1:3 with phosphate buffer 
minus inhibitors. Motility was determined 2 
hours after semen was added to inhibitor- 
buffer solution and scored subjectively from 
0 to 4 (0 = no motility; 4 = motility com- 
parable to freshly collected semen). Removal 
of inhibitor in motility reversal studies was 
conducted in the same manner as in fertility 
studies except that sperm were held at room 
temperature 2 hours, diluted to 1:39 only, 
and resuspended to 1:9 dilution. 

Results. Table I shows that the order of 
inhibition of chicken spermatozoa motility by 
benzimidazoles was DMB<EMB<HMB. 
The same inhibitory order was also found in 
fructolysis; DMB failed entirely to affect acid 
production and only doses of 300 pg or more 
of EMB were effective, while each dose of 
HMB (molar equivalents of 50, 100, and 200 
ug EMB) progressively decreased acid pro- 


duction. It is evident that levels of DMB and 
EMB which completely inhibited motility had 
no effect on fructolysis. Motility was restored 
by simply washing the inhibited sperm with 
phosphate buffer. Restoration was complete 
for all cases except those levels which also in- 
hibited fructose fermentation, i.e., 300 and 
500 wg EMB and each level of HMB (Table 
I). An additional washing of 300 »g EMB 
completely restored motility and increased 
that of 144 »g HMB from 2 to 3. 

After 3 days storage of semen with doses of 
inhibitors, which partially inhibited motility 
but had no effect on acid production, fertility 
was greater than that of controls receiving no 
inhibitors (Table I). However, in cases in 
which inhibitor levels decreased acid produc- 
tion, fertility was decreased to 0. Thus, no 
fertility was obtained when HMB was added, 
since each dose decreased acid production. 
The relationship of fertility enhancement to 
motility inhibition was different for DMB and 
EMB; ze., fertility enhancement by DMB 
was directly related to motility inhibition, but 
for EMB these factors were inversely related. 
The increase in dilution from 1:23 to 1:39 of 
EMB-semen suspension with phosphate buf- 
fer for removing the inhibitor after storage ap- 
peared to increase fertility. 

Discussion. The greater activity of EMB 
over DMB in inhibiting sperm motility and 
fructolysis is of the same inhibitory order as 
that found in other biological systems(1-6) 
thus adding further support to the suggestion 
that these compounds inhibit some basic meta- 
bolic mechanism(3). However, the marked 
increased inhibition of HMB over EMB sug- 
gests a difference in inhibitory action of 2- 
alkyl benzimidazoles (having alkyl chains 
longer than 2 carbons) on unicellular organ- 
isms as compared to multicellular ones since 
lengthening the chain past 2 carbons increased 
inhibition in bacteria(1) but failed to do so 
in chick embryos(4) or in virus multiplication 
on chick chorioallantoic membrane(2). This 
difference may be related to increased solu- 
bility in lipids with increased chain length, 
cell surface, and cell penetration. 

The inhibitory action on motility of each 
level of inhibitors could be completely or par- 
tially reversed, depending upon inhibitor level, 
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TABLE I. Effect of Three 2,5 


-Alkylbenzimidazoles on Motility, Fructolysis, 
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and Fertility of Chicken 


Sperm. 


Kructolysis* 


Fertility after 3 days storage 


Motility after 2 hr (ml) L237 Soin 
ug/ml — <After6hr, After 3 hr, No. No. 
Inhibitor (total sol.) Unwashed Washed .05 N NaOH .02 N NaOH % fert. eggs %fert. eggs 
Fresh semen 93 30 86 72 
(80-90) ¢ 
DMB 0 4 4 3.50 3.80 12 43 
(5-19) 
100 3+ 4 3.55 4.03 24 55 
(18-30) 
200 3 J 3.51 3.93 26 51 
(13-39) 
300 2 4 3.08 4.19 57 43 
(40-74) 
400 1 4 3.43 4.42 60 48 
(54-66) 
900 0 4 4.35 
EMB 0 4 4 4.35 4.00 8 45 5 20 
(3-13) ¢ 
50 3 4 4.54 4.08 27 22 48 44 
(43-52) 
100 2+ 4 4.48 4.16 29 4] 25 12 
(13-44) 
200 0 4 4,39 4.79 0 48 5 19 
250 0 4 4.33 0 18 
300 0 3 4.02 3.12 0 25 
500 0 2 3.41 3.40 
HMB 0 4 + 4.42 3.90 
72 0 3 3.41 0 29 
144 0 2 3.91 2.82 0 25 
288 0 2 3.28 2.12 0 27 


* Acid production values corrected by subtracting quantity of acid added with inhibitors; 


was used in 6 hr incubation and 0.5 ml used in 3 hr. 


1 ml semen 


+ Total dilution of semen after storage to remove inhibitors. 


¢{ Range of 2 exp. in parentheses. 


a | 


GR em 

by simply diluting out the inhibitor with 
buffer. The fact that fertilizing capacity was 
maintained after 3 days storage indicates that 
sperm life is prolonged by these inhibitors and 
that after removal they have no obvious, ad- 
verse after-effects. The highest average fer- 
tility results (48-60%) after 3 days storage 
are considered quite good for laying hens 
nearing completion of first year of production. 
Successful storage of chicken semen for 3 days 
has not previously been reported. Therefore, 
use of benzimidazoles or perhaps other inhibi- 
tors may permit successful extension of stor- 
age period beyond 3 days. 

The ease with which these inhibitors are 
removed by dilution and the apparent free- 
dom from after-effects has previously been 
reported on experiments in virus interference 
(7) and inactivation of newt larvae(6). 


apateiree eee peepee 
The fact that motility is completely inhibi- 
ted by levels of DMB and EMB which have 
no effect on fructolysis indicates that these 
compounds are able to inhibit some meta- 
bolic process or mechanism which is_inti- 
mately concerned with protein contraction 
and is independent of fructolysis. Prolonga- 
tion of fertilizing ability is also independent 
of fructolysis. This conclusion is substanti- 
ated by the actual determination of fructose 
disappearance (Harris, unpublished) which 
showed that inhibitory levels of DMB and 
EMB which allowed maximum fertility had 
no effect on fructose utilization. Indeed nor- 
mal fructolysis appears to be necessary during 
storage for maintenance of generative powers 
since levels which decreased acid production 
completely inhibited fertilizing capacity. 
The exact process(es) interrupted by the 
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benzimidazoles is unknown but is undoubt- 
edly complex. It has been suggested that 
they interrupt some biosynthetic mechanism 
involving nucleic acid and/or nucleoprotein (2, 
3,7). The particular metabolites which are 
capable of partially reversing inhibition of 
certain benzimidazoles in various biological 
systems support this view: Vit. By. is active 
in chick embryos(4), in E. histolytica(11), 
and in &. gracilis(12); adenine and guanine 
in other microorganisms(13); flavinadenine- 


dinucleotide and riboflavin phosphate in azo 


dye destruction by liver homogenates(5); and 
glycine in delta-amino-levulinic acid synthe- 
sis(14). If these compounds interrupt some 
biosynthetic mechanism at levels which pro- 
long fertilizing ability and inhibit sperm mo- 
tility, it would seem to follow that motility 
may be dependent upon this same aspect of 
biosynthesis and that its inhibition may pro- 
long viability of sperm. 

Summary. Motility, fructolysis, and fer- 
tilizing capacity of chicken sperm were deter- 
mined following their subjection to various 
dose levels of 2,5-dimethyl-(DMB), 2-ethyl- 
5-methyl - (EMB), and 2 - hepta - 5 - methyl- 
(HMB) benzimidazoles. Motility after 1-2 
hours and acid production from fructose after 
3 and 6 hours were inhibited by the com- 
pounds with the following order of inhibition: 
DMB<EMB<HMB. Motility was com- 
pletely inhibited by levels of DMB and EMB 
which had no effect on fructolysis. Fertilizing 
ability was prolonged by inhibitor levels which 
did not reduce fructolysis indicating that the 
disturbed metabolic process which inhibited 
motility was responsible for prolongation of 
fertilizing capacity and that this disturbance 
is not intimately concerned with fructolysis. 
The storage period for chicken semen was ex- 


tended to 3 days with excellent fertility ob- 
tained with both DMB and EMB. The ease 
with which these compounds are removed by 
dilution and the lack of adverse after-effects 
appears to make them peculiarly useful for 
preservation of chicken sperm or possibly 
other types of cells or tissues. 
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Influence of Hypophysectomy on Porphyrin Synthesizing Enzyme Activity 


of Rat Harderian Glands and Livers.* 


(25413) 


FRANK H. J. FIGGE AND RoGER H. DAVIDHEISER 
Dept. of Anatomy, University of Maryland School of Medicine, Baltimore 


It was previously shown that extracts of 
Harderian gland and liver homogenates of 
normal rats exhibit a high porphyrin-produc- 
ing enzyme activity(1), and that activity of 
the Harderian gland extract was considerably 
higher than that of liver in the same animal. 
The porphyrin-producing enzyme activity of 
the mouse Harderian gland extracts(2) varied 
with age of animal and the strain, but age of 
animal was the most important variable. The 
amount of porphyrin-producing enzyme ap- 
peared to increase rapidly just before mice 
became sexually mature, when the hypophy- 
sis increases its output of gonadotropic and 
perhaps other hormones. It was, therefore, of 
interest to examine the quantitative aspects of 
porphyrin-producing enzymes in Harderian 
glands of hypophysectomized rats to see if 
the gonadotropic hormones or secondarily pro- 
duced sex hormones might have some influ- 
ence on increasing rate of production of Har- 
derian gland porphyrins. Enzyme activities 
of homogenates of liver tissues were also de- 
termined to serve as control tissue. Hypophy- 
sectomy in the male albino rat brought in- 
creased porphyrin-producing enzyme activity 
of the liver but not of the Harderian gland. 
Neither of these results had been anticipated. 

Materials and methods. Harderian glands 
and liver tissues were obtained from adult nor- 
mal and hypophysectomized male albino rats 
under ether anesthesia. Animals were housed 
in metal cages and given Purina Laboratory 
Chow and water ad lib. The method of Da- 
vidheiser and Figge(3) was used to determine 
quantity of porphyrin produced by extracts of 
Harderian gland and liver tissues from nor- 
mal (control) and hypophysectomized rats. 
In brief, tissues assayed for enzyme activity 
were carefully weighed and ground with sand 
in buffered saline (pH 7.2). The sand and 
solid glandular homogenates were centrifuged 


* This work supperted by grants from Anna Fuller 
Fund, Am. Cancer Soc., Md. Division, and NIH, 
PHS; 


to obtain aqueous extract of the homogenate. 
The clear aqueous extract was added to Klett 
tubes in varying amounts (0.1-1.6 cc). Buf- 
fered saline was added to bring volume of 
each tube to 1.6 cc. The substrate added to 
each tube was 1.4 cc of 0.01 M 8-aminolevu- 
linic acid. After incubation at 37°C for 24 
hours, concentrated 37% HCl was added to 
give a 25% HCl concentration. This stopped 
the reaction and cleared the solution so that 
the amount of porphyrin formed could be de- 
termined by comparison with standard por- 
phyrin solutions in a Klett colorimeter. Pro- 
tein content of each tissue was determined by 
Clark’s method(4). 

Results. The quantity of porphyrin pro- 
duced by enzyme extracts of livers and Har- 
derian glands from normal and hypophysecto- 
mized rats is shown in Table I. The amount 
of porphyrin produced by extracts of liver 
from the hypophysectomized rat is approxi- 
mately twice that of liver extracts of normal 
animals. In the normal animal, the porphy- 
rin-producing enzyme concentration of liver 
was less than that of the Harderian gland. 
However, in the hypophysectomized rat the 
reverse was noted. Protein concentration of 
each of these tissues was also determined. The 
protein content of livers of hypophysecto- 
mized animals was about 3% higher than in 
the control normal animal, probably because 
of a higher water content of livers of normal 
non-hypophysectomized animals. This dif- 
TABLE I. Porphyrin Production by Aqueous Ex- 
tracts of Homogenates of Harderian Gland and 


Liver Tissue from Normal and Hypophysectomized 
Rats. 


Enzyme extract 
added 


0.4e¢ 1.6 ¢¢ 

mg of porphy- 
Tissue Type of rat rin/BA = : 
Liver Normal (control) 28.0 70.4 
Hypophysectomized 55.6 149.6 

Harderian Normal (control) 29.8 100.4 
gland Hypophysectomized 30.0 100.0 
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ference would not be large enough to account 
for the 100% increase in enzyme activity. 
Harderian gland extracts of normal and hy- 
pophysectomized animals exhibited no signifi- 
cant difference in amount of porphyrin pro- 
duced. 


Discussion. Since such a marked change 
in amount of porphyrin-producing enzyme 
activity of the Harderian gland at puberty 
had been observed, it was anticipated that 
there would be some corresponding influence 
of hypophysectomy on porphyrin production 
of extracts of Harderian glands, but this was 
not observed. 


In addition to great increase in porphyrin 
production by the Harderian gland at pu- 
berty, other observations also indicated that 
there might be some relationship between the 
hypophysis and the function of other por- 
phyrin-producing glands such as sebaceous 
glands. It has been mentioned that there ap- 
pears to be a cytological and functional simi- 
larity between Harderian gland and sebaceous 
glands(5,6). Sebaceous glands in the adult 
are also porphyrin-producing glands. It is a 
striking fact, that the sebum of the pre-puber- 
tal child contains little or no porphyrin as 
judged by fluorescence of the sebum. At 
puberty, the sebum in certain areas of the skin 
becomes red fluorescent because there is a 
gradual increase in amount of porphyrin 
which continues until the age of 25. Red 
fluorescence of the sebum then appears to 
level off and a constant intensity is observed 
until age 55 or 60 when there is a decrease in 
amount of porphyrin in sebaceous material. 
That the hypophysis influences sebaceous 
glands was shown by Lasher, Lorincz, and 
Rothman(7) who observed that there was 
atrophy of cutaneous sebaceous glands in 
ovariectomized and hypophysectomized white 
rats. It was also observed by Lorincz and 
Lancaster(8) that hypophysectomized cas- 
trated male rats were affected by injections of 
sebatropic preparations. It is well estab- 
lished that the hypophysis affects growth of 
the Harderian gland(9,10). It has been sug- 
gested that the growth hormone and thyrotro- 
pic hormone are responsible for such growth 
stimulation. It was therefore surprising to 


find that hypophysectomy appeared to have 
no influence on porphyrin-producing poten- 
tialities of the Harderian gland as determined 
by testing the extracts of homogenized tissues. 


It was equally surprising to find that the 
amount of porphyrin-producing enzyme in 
liver extracts of hypophysectomized rats was 
double that of controls. The fact that liver 
tissues have such a great capacity to manu- 
facture porphyrin indicates that rate of turn- 
over of these substances may be relatively 
rapid. Why hypophysectomy should cause 
increased rate of porphyrin manufacture in 
the liver, however, is not understood. 


Summary and conclusions. 1. A quanti- 
tative study was made of porphyrin-produc- 
ing enzyme activities of Harderian glands 
and livers of normal and hypophysectomized 
albino rats. 2. Buffer-saline extracts were 
made from weighed quantities of each homo- 
genized tissue. Measured amounts of extracts 
were mixed with 0.01 M solution of $-amino- 
levulinic acid and incubated at 37° for 24 
hours. 3. Extract of Harderian glands of 
normal and hypophysectomized rats showed 
approximately equal amounts of porphyrin- 
producing enzyme activity. The hypophysis 
appears to have little or no influence on this 
phase of activity of the Harderian gland. 4. 
Extracts of livers of hypophysectomized ani- 
mals exhibited approximately twice as much 
porphyrin-producing enzyme activity as ex- 
tracts of liver of normal animals. Extracts 
of liver from hypophysectomized rats also 
showed greater activity than extracts of Har- 
derian glands. 5. It was concluded that the 
hypophysis exerts a relatively potent influ- 
ence on porphyrin production by the liver. 
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Effect of Ovariectomy and Replacement Therapy Upon Thyroxine Secretion 


Rate of '‘Rat.* 


(25414) 


RicHarp C. Moont AND CHARLES W. TURNER 
Dept. of Dairy Husbandry, University of Missouri, Columbia 


The role of ovarian hormones in influencing 
thyroid function has been the subject of 
many investigations. It has been reported 
that ovariectomy depresses(1,2) or has no 
effect upon thyroid function(3,4). Moreover, 
estrogen administration may increase(5,6,7), 
decrease(8,9), or exert little effect(3) upon 
thyroid activity depending upon dose and 
length of treatment. Progesterone, on the 
other hand, increased thyroid function(5,10) 
but when administered concomitantly with 
estrogen, a depressing effect has been reported 
(11). In the above studies various indices of 
thyroid activity have been used, such as re- 
lease of thyroidal-I'*!, I’?! uptake, thyroid 
histology and cytology and hyperplasia. Since 
there is little agreement concerning the prob- 
lem, it seemed desirable to determine quanti- 
tatively the influence of ovariectomy upon 
thyroxine secretion rate (TSR) at various 
periods postcastration and effect of ovarian 
hormone replacement therapy. 

Materials and methods. Young mature fe- 
male rats of Sprague-Dawley-Rolfsmeyer 
strain with initial weight of 190-230 g were 
housed at uniform temperature of 78 + 1°F 
in a room artificially illuminated during nor- 
mal daylight hours. They were given Purina 
Lab Chow and fresh water daily. Each rat 
was injected i.p. with 2 wc carrier-free ['*!. 
Forty-eight hours were allowed for I" fixa- 
tion by the thyroid. External neck counts 


* Contribution from Mo. Agri. Exp. Sta., Journal 
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were taken at this time and every 48 hours 
thereafter by first anesthetizing each animal 
with ether, then placing it on a lead plate 
with neck resting on a scintillation probe con- 
taining a 2” Nal crystal. Care was taken in 
placement of animal to insure same geometri- 
cal relationship at each successive counting 
period. Thyroidal radioactivity was meas- 
ured with scintillation counter, Nuclear- 
Chicago (N.C.) Model DS5, connected to 
rate meter, N.C. Model 1620 A. Conven- 
tional corrections were made for decay of iso- 
tope and background. Determination of thy- 
roxine secretion rate (TSR). Each rat was 
injected subc. with .5 »g/100 g |-thyroxine for 
2 consecutive days beginning 4 days after I"! 
injection, in such manner that ovariectomized 
rats received initial thyroxine injection 
either on day of ovariectomy or at days 6, 20, 
70, and 84 postcastration. Thyroxine dose 
was increased at .5 »g/100 g increments, each 
dose injected for 2 consecutive days, with 
neck counts made on day of each increase. 
TSR was determined by plotting the percent 
previous count with thyroxine dose. The 
dose which prevented further thyroidal-I'*4 
output in each rat (95-100% previous count) 
was estimated as its TSR. Some ovariecto- 
mized rats received daily subc. injections of 
1 pg estradiol benzoate (EB) and/or 3 mg 
progesterone (P), commencing day of initial 
thyroxine injection and continuing until their 
TSR was established. Intact rats of same 
age and body weight range served as controls 
for each series of TSR determinations. 
Results. Effect of ovariectomy and re- 
placement with EB and/or P upon average 
daily thyroxine secretion rate (TSR) is pre- 
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= ; : é 
TABLE I. Effect of Ovariectomy and Estradiol Benzoate (EB) and/or Progesterone (P) Re- 
placement upon Thyroxine Seeretion Rate in Rats. 


(t,o -Avg rage any 
ody TSR, ug l-thyrox- 
Treatment No. of rats wt, @ ine/100 g/day Probability 

Series I x . 

Intaet 18 217.4 1.08 + .06¢ 

Ovariectomized (2-6) * 16 223.0 72 + .06 01 
Series IT 

Intact 4] 239.9 1.09 + .08 

Ovariectomized ( 8-12) 16 244.9 63 + .07 01 

“ (22-28) 17 253.8 70 += .09 02 

Series IIT 

Intact 10 265.0 ORG 

Ovariectomized (72-74) 304.1 64 + .10 05 

ye (86-90) 13 508.9 62 + .06 O1 

Series [Vt 

Intact 12 244.5 1.20 + .16 

Ovariectomized + 1 wg EB (2-8) 12 227.1 IGiGy Se atl 

Idem + 3 mg P (2-8) 12 224.9 IAG See LOE) 

Ovariectomized + 3 mg P (2-6) 15 255.0 WS ae sill .02 
Aggregate 

Intact 81 Tei Se (085 

Ovariectomized ihe .66 + .03 001 


* Denotes days ovariectomized before TSR was established. 
+ Initial EB and/or P inj. on day of ovariectomy. 


t Stand. error of mean. 


sented in Table I. TSR of ovariectomized 
rats determined immediately postcastration 
(2-6 days) was .72 ng/100 g 1-thyroxine. This 
represented a decrease of approximately 33% 
when compared with intact controls of same 
age and body weight range. Increasing the 
period of ovariectomy to approximately 3 
months did not produce any further signifi- 
cant lowering of TSR. Differences in TSR 
between respective age controls were also in- 
significant. Ovariectomized rats receiving 1 
pg EB alone and with 3 mg P exhibited TSR’s 
(1.13 and 1.17, respectively) in range of in- 
tact controls. Administration of 3 mg P 
alone did not significantly alter the decrease 
in TSR which resulted upon ovariectomy. 
Discussion. Several investigators have at- 
tempted to define the relationship between 
ovarian and thyroid function. Contradictory 
results in previous studies(1,3,5,7) may be 
due to lack of sensitivity of methods employed 
for measuring thyroid activity. Our investi- 
gation, however, clearly indicates a reduction 
in thyroid function following ovariectomy 
since TSR was reduced approximately 33% 
as compared with intact controls. It also ap- 


pears that reduction in thyroid function oc- 
curs in a relatively short period of time, since 
no further decrease in TSR was evident in 
rats ovariectomized 80 days or more. Al- 
though the mechanism by which ovariectomy 
reduced thyroid activity is not clear, the data 
from injection of 1 »g EB alone, and with 3 
mg P appear to implicate a diminution in 
circulating estrogen level as a contributing 
factor since TSR of ovariectomized rats re- 
ceiving estrogen was maintained at control 
level, whereas injection of P alone had little 
or no effect in maintaining TSR. It has been 
shown that a single injection of 1 »g EB in- 
creases 6 hour I**! uptake in ovariectomized 
rats, but has no effect in hypophysectomized- 
ovariectomized animals(5). This suggests 
that estrogen may stimulate increased secre- 
tion of thyrotropin (TSH) by adenohypo- 
physis and a subsequent increase in [#4 up- 
take by the thyroid. More recent studies(7, 
12, 13) indicate large doses of estrogen, ad- 
ministered for prolonged periods of time, may 
stimulate thyroid directly. It is likely, how- 
ever, that ovariectomy results in a lower cir- 
culating estrogen level and this, in turn, may 
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reduce TSH secretion and a subsequent reduc- 
tion in thyroid activity. Such an interpreta- 
tion appears consistent with observations that 
a physiological level of estrogen prevents re- 
duction in TSR following ovariectomy and 
only increases thyroid activity if the adeno- 
hypophysis is intact(5). 

Summary. 1) Effect of ovariectomy and 
replacement with 1 pg estradiol benzoate 
(EB) and/or 3 mg progesterone (P) upon 
daily thyroxine secretion rate (TSR) has been 
studied in mature rats. 2) Ovariectomy re- 
duces TSR approximately 33% within 2-6 
days postcastration. Increasing the interval 
to approximately 90 days between ovariec- 
tomy and TSR determination did not result 
in a further reduction in TSR. EB alone and 
with P prevented decrease in TSR following 
ovariectomy but P alone had no effect. 3) 
It is suggested that ovariectomy reduces the 
circulating estrogen level which, in turn, may 
reduce thyrotropin secretion and, _ subse- 
quently, lower daily TSR. 
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Serum alkaline phosphatase has _ been 
studied to some extent in the chicken. Its 
level has been reported to be higher in the 
young chicken than in the adult(1,2), and 
higher in the laying hen than in the adult 
male(1,3,4). Gutowska et al.(5) reported 
serum alkaline phosphatase in high pro- 
ducing hens to be higher than that of poor 
producing ones. However, other workers(1,6) 
reported that it bears no relation to rate of 
egg production. Several workers(1,4,6) have 
observed no significant difference between the 
phosphatase values of laying and those of 
non-laying females. A high line for serum 
alkaline phosphatase has recently been devel- 

* Scientific Article No. A809, Contribution No. 
3081 of Maryland Agri. Exp. Station. 

t Present address: Dept of Livestock, Nat. Inst. 
of Agricultural Sci., Chiba-Shi, Japan. 


oped by selection based on activity of the 
enzyme measured at 6 weeks of age in a ran- 
dom bred population of White Leghorn chick- 
ens (Wilcox and Shaffner, unpublished). The 
present study was conducted to determine to 
what extent, if any, the high line differs from 
its random bred control at other ages. This 
might in turn also provide information as to 
the physiological nature of genetic modifica- 
tion in the activity of this enzyme. The pres- 
ent work was undertaken also to elucidate the 
effects of age and sex on serum alkaline phos- 
phatase in the chicken. 

Materials and methods. Males and females 
of a high serum alkaline phosphatase line and 
a random control line of White Leghorn chick- 
ens were used. The birds were fed ad libitum. 
Blood was taken at different ages from 10 
males and 10 females randomly selected from 
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TABLE I. Effects of Age, Sex and Line on Serum Alkaline Phosphatase of the Chicken. 


High line 


Random line 


é > & 49) 


Ta 


=6 g 


ifs a / re) 

Age, Body Alkaline Body Alkaline Body Alkaline Body Alkaline 
wk wt,g phosphatase* wt,g phosphatase wt,g phosphatase wt, g phosphatase 
0 38 (aL Osteae Oran, 37 68.9+ 2.0 36 69.44 4.7 36 744+ 3.2 
1 60 437.5 + 41.7 62 401.9 + 42.4 60 398.4 + 46.8 62 272.7 + 34.5 
2t 119 589.4+ 77.2 114 439.6 + 83.9 118 350.2 + 56.7 108 282.0 + 44.8 
3t 194 364.0 + 75.4 175 265.6 +°31.6 204 274.2 + 31.6 181. 167.82 15 
4 263 158.8 + 25.2 250 107.3 + 19.0 281 133.6 + 19.7 252 91.6 + 17.8 
6 480 1054+ 14.8 421 54.3 + 10.8 463 407+ 4.8 444 35.5 + 6.3 
8 682 117.2 417.7 559 12D) == 1053 639 73.7 + 12.9 539 58.0 + 10.2 
10¢ 954 60.1 + 13.5 752 AOE 7.6 985 38.0+ 5.4 752 20.4+ 2.0 
14¢ 1473 Wee als 1061 18.3 + 2.0 1477 lO;OEeeleS 1056 12.4 =e ei 
IS aly til BAD Se 73 BEX) 33.4+ 3.6 1830 216 = 4 278 28.74 4.1 
22¢ 1900 ifskts) = ils) | INGyee! Ags a= B40) 2086 12.4--1.1 1653 16.8+ 2.2 
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* Expressed as mM of nitrophenol liberated/liter of serum/hr. 


1 Mean of 10 birds and stand. error. 


¢ Indicates statistically significant line differences of combined data from males and females. 


each line. At ages below 14 weeks it was 
_ taken by heart puncture from different sets of 
birds. After 14 weeks of age it was taken from 
the wing vein of the same 10 males and fe- 
males. Serum alkaline phosphatase was de- 
termined by the method of Bessey e¢ al.(7). 
Serum separated from blood of the chicken 
was incubated with the para-nitropheny] phos- 
phate substrate, pH of which was adjusted to 
10.3-10.4, for 30 minutes at 37°C. The unit 
of alkaline phosphatase activity was expressed 
as mM of nitrophenol liberated per liter of 
serum per hour. Duplicate analyses were 
made on each blood sample. 

Results. Results are summarized in Table 
I. Serum alkaline phosphatase level increased 
rapidly after hatching in both lines, until it 
reached a peak at 2 weeks of age. Thereafter 
in the male it continued to decrease and 
reached a low level in the adult, whereas in 
the female it decreased with advancing age 
until 14 weeks of age. At 18 weeks of age 
serum alkaline phosphatase of the female in- 
creased somewhat, but subsequently decreased 
gradually with advancing age. Values at 34 
weeks of age represent only one-twentieth of 
peak value in the female, and one-fiftieth in 
the male. 

No sex difference was observed at hatching 
time in either line. In the period of 1-14 
weeks of age serum alkaline phosphatase was 
always numerically higher in the male than 


in the female. These differences are statis- 
tically significant at 6 and 8 weeks of age in 
a high line, and 1, 3 and 10 weeks of age in a 
random line. However, in the period of 18-34 
weeks of age the difference between sexes was 
reversed, and alkaline phosphatase in the fe- 
male was always numerically higher than that 
in the male. The differences are statistically 
significant at 30 and 34 weeks of age in both 
lines, and at 18, 22 and 26 weeks of age in a 
high line. This high value in the female ap- 
pears to be related to egg production in this 
period, as most of the hens started egg pro- 
duction during 22-26 weeks of age, and all of 
the hens used here were laying at 30 and 34 
weeks of age. The value in non-laying hens 
35 weeks of age, which had started egg pro- 
duction but stopped the production, was low 
(6.5 + 1.3 units, average of 4 birds), com- 
pared with 20-22 units in the laying hens at 
approximately the same age. 

Although the variation of serum alkaline 
phosphatase with age was similar in both 
lines, the value for the high line was always 
numerically higher than that for the random 
bred line, except at hatching time. These dif- 
ferences were statistically significant in most 
cases from the age of 2 weeks to 26 weeks. 
No difference in body weight was observed be- 
tween the 2 lines. 

Changes in serum alkaline phosphatase 
level due to age correspond well with growth 
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FIG. 1. Relation of serum alkaline phosphatase 
level of blood serum to growth rate expressed as % 
gain/wk. 


rate expressed as percentage gain per week 
(Fig. 1). Both alkaline phosphatase level and 
percentage gain per week reached a peak at 
2 weeks of age and decreased rapidly with ad- 
vancing age. 

Discussion. The present study demon- 
strates that serum alkaline phosphatase level 
is extremely high in the young chicken and 
reaches a low level in the adult. These 
changes correspond well with growth rate, and 
may be due to differences in bone formation, 
since this organ is known to be a source of 
serum alkaline phosphatase(9,10). The 
higher alkaline phosphatase activity usually 
observed in serum of the growing male in our 
experiments may be related to its faster 
growth. Serum alkaline phosphatase in the 
laying hen is significantly higher than that of 
the cock and non-laying hen as shown by the 
present work. This observation is in disagree- 
ment with the results of Common(1) and 
others(4,6) who found no significant differ- 


ence between laying and non-laying hens. 
The difference between adult males and fe- 
males is difficult to explain, since injection of 
estrogen decreases serum alkaline phosphatase 
in the chicken(8). It could possibly be due 
to a higher activity of the thyroid or to a 
higher demand for calcium for egg shell for- 
mation. It has been noted that calcium de- 
ficiency increases serum alkaline phosphatase 
in the chicken(1). 

A numerical line difference was observed in 
all ages of the chicken except at hatching 
time. This indicates that in a line bred for a 
high level of alkaline phosphatase at 6 weeks 
of age the increased level is largely present at 
most other ages in the growing bird, and also 
in adult fowl. 

Summary. Serum alkaline phosphatase 
was found to be higher in most cases between 
2 and 26 weeks of age in a line bred for high 
alkaline phosphatase than in a random bred 
control line. The level in the male was 
higher than the female during the growing 
period, but lower at later ages. There were 
no differences due to line or sex at hatching. 
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Amino acid requirements for growth of a 
large number of stable line mammalian cells 
(1) primary rhesus monkey testiculart and 
primary monkey kidney(2) cell cultures have 
been determined. Morgan and Morton re- 
ported the effects of amino acids upon pro- 
longing survival of chick embryo heart cul- 
tures in synthetic media(3). However, the 
amino acids essential for growth of primary 
avian cultures have not been reported. The 
present paper describes amino acid require- 
ments for growth of primary chick embryo 
lung and cockerel lung cultures. 


Methods and materials. Cell suspensions 
of 14-16 day White Leghorn chick embryo 
lungs and 2-6 week old cockerel lungs were 
prepared by stirring 2-4 hours with 0.2% 
trypsin (Bacto-Difco 1:250) in Earle’s bal- 
anced salt solution at 37°C. The cell suspen- 
sion was filtered through gauze, collected by 
centrifugation and resuspended in a complete 
medium. One ml amounts of a suspension 
containing 50,000-100,000 cells per ml were 
pipetted into 15 x 125 mm tubes which were 
placed in a slanted position in racks. The 
cultures were established by incubation for 
24 hours at 37°C in an atmosphere of 8% 
carbon dioxide-92% air The medium was 
removed and the tubes were rinsed with 
Earle’s solution. The cells then were over- 
laid with 1 ml of test medium containing grad- 
uated amounts of the test amino acid. Incu- 
bation was continued for 3-5 days until the 
cells formed a sheet or attained maximal 
growth in presence of optimal amounts of the 
test compound. The medium was not replen- 
ished. Growth was measured by the protein 
determination method of Oyama and Eagle 
(4). The complete medium in which the cells 
were established was similar to that previ- 


* This work was conducted under Contract with 
Cancer Chemotherapy National Service Center, Nat. 
Cancer Inst., U. S. 

+ Described in abstract: Tytell, A. A., Rader, Y., 
Krumm, D. L., Fed. Proc., 1958, v17, 326. 


ously described(5). It contained l-isomers of 
the amino acids as well as 0.2 mM pyruvate, 
10 wg adenosine per ml, 5% bovine serum, 
and 6% chick embryo extract. The test me- 
dium differed in that it contained dialyzed se- 
rum and dialyzed embryo extract. Adenosine 
and glutathione were omitted. Embryo ex- 
tract was prepared from 12 day chick embryos 
ejected through the orifice of a 20 ml B-D 
Luer-Lok syringe. The brei was mixed with 
an equal volume of Earle’s solution and after 
1 hour the supernate was collected by centri- 
fugation. Expressions of quantity of embryo 
extract were based on this preparation. How- 
ever, this material was diluted with 2-3 vol- 
umes of Earle’s solution prior to sterilization 
by filtration through Selas filter of 02 por- 
osity. Dialysis of serum and embryo extract 
was conducted as described previously(5). 
Earle’s solution was modified in these studies 
to contain 3.0 g glucose and 6.46 sodium 
chloride per liter. 

Results. Initial investigation demonstrated 
the requirements of both chick embryo lung 
and maturing cockerel cultures for the non- 
dialyzable moieties of embryo extract and se- 
rum. In Fig. 1 are shown typical growth 
responses to dialyzed chick embryo extract. 
In Fig. 2 are shown the typical growth re- 
sponses to dialyzed pooled bovine and chick 
serum. The bovine serum was superior to 
the chick serum. The presence of both dia- 
lyzed embryo extract and serum was essential 
for growth of the cultures in the test medium. 
High concentration of either embryo extract 
or of serum did not eliminate the requirement 
for the other component. For the amino acid 
studies, dialyzed embryo extract and dialyzed 
serum were included in the medium at 6 and 
5%, respectively, in order to minimize pos- 
sible contributions of amino acids by these 
materials. 

By varying the amount of each amino acid 
in turn over a concentration range of 0-1.0 
mM, the 13 amino acids usually required by 
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FIG. 1. Growth response of primary chick em- 


bryo and cockerel lung cultures to dialyzed embryo 
extract. Medium contained 5% dialyzed bovine 
serum. 

FIG. 2. Growth response of primary chick em- 
bryo and cockerel lung cultures to dialyzed chick 
and bovine serum. Medium contained 6% dialyzed 
embryo extract. 


mammalian cells(1) were found to be essen- 
tial for chick embryo lung cultures. The re- 
sults are presented in Table I. The optimal 
levels of these amino acids were similar to 
those for mammalian cells. Microscopic ex- 
amination of cultures in the absence of any 
one of the essential amino acids revealed cel- 
lular deterioration. Glutamic acid up to lev- 
els of 50 mM only partially substituted for 
glutamine. The cockerel lung cultures were 
found to have amino acid requirements iden- 
tical with those of the chick embryo cultures. 

A study of the other amino acids and de- 
rivatives in the test medium demonstrated 
the stimulatory effects of glycine, L-serine, L- 
alanine, and pyruvate. Growth response of 
chick embryo lung cultures is shown in Table 
II. Addition of 0.1 mM of either glycine or 
L-serine to the test medium from which both 
these amino acids had been omitted resulted 


in marked stimulation. Furthermore, inclu- 
sion of 0.1 pg folinic acid or 5-10 pg folic acid 
per ml (the test medium contained 0.2 yg folic 
acid per ml) stimulated the cultures in the ab- 
sence of added glycine or L-serine, although 
maximal growth was not attained. Addition 
of either 0.01 mM L-alanine or 0.1 mM pyru- 
vate to the test medium from which L-alanine 
and keto acids had been omitted resulted in 
stimulation. Oxalacetate or alpha-ketoglu- 
tarate at 0.2 mM also replaced alanine. Lac- 
tate, isocitrate, citrate, cis-aconitate, malate, 
succinate, fumarate, glutamate, aspartate, fo- 
linic acid, and higher levels of folic acid, pyri- 
doxine and pyridoxal did not substitute for L- 
alanine. Pyridoxal phosphate (1-10 pg/ml) 
did stimulate the chick lung cells to a limited 
extent in the absence of L-alanine. Thus a 
medium containing the 13 essential amino 
acids also required glycine, L-alAnine or re- 
lated compounds to attain growth comparable 
to that on the original test medium which con- 
tained 20 amino acids. Other “non-essential” 
amino acids were omitted from the medium 
without affecting growth. Primary cockerel 
lung cells responded to glycine, L-alanine, and 


TABLE I. Amino Acid Requirements for Growth 
of Primary Chick Embryo Lung Cultures. 


Concentration of amino acid (mM) 


Amino acid OW ADI ai x0 al <2 aye, alk) 


Growth response (inoculum — 1)* 


l-arginine 1.540" 6:3. 8:6) 9915999185 Or SmeOn 
isoleucine 1.7 3.1 6.0 10.0 12.6 12.3 12.7 14.0 
leucine 2.8 4.6 “6.00 “957, 14 40547 bee leles 
lysine 2.9 4.9 7.0 9.9 14.0 14.6 14a 
methionine 15.3.3, 15:8 720m Wc e De eOmeee, 
phenylala- 2.54.0 64 66 7.0 7.3 7.8 6.1 
nine 
threonime, 4127 73:2. 4/2 16.3 17.67 eee 
tyrosine 3.4 6.6 11.0 14.4 14.7 15.0 14.6 13.1 
valine 82.9 97.38) 7-00 8729 8:9 Sh tees 


Concentration of amino acid (mM) 
Ve ar ey ay 2 Re 


17. 43° 11.0 13:38 14.7 14.6 15.6 


L-glutamine 


Concentration of amino acid (mM) 


0 +001 002 01 027 205 21s ae 
L-eysteine 1.6 2.6 3.3 7.9 10.9 14.0 14.3 13.1 
histidine 2.4 3.7 4.1 7.6 12.3 14.7 14.4 14.7 
trypto- 1.9 29 4.9 14.3 15.5 16.4 16.0 14.7 


phane 


* Inoculum refers to 24 hr plated cells subjected 
to the test medium, 
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TABLE II. Stimulatory Effects of Glycine, L-serine, L-alanine, and Pyruvate on Primary Chick 
Embryo Lung Cultures. 


Concentration (mM) 


Compound 0 001 005 O1 .02 05 ll 2 5 1.0 
Growth response (inoculum = i yes 

Glycinet 9.4 10.4 11.4 12.6 13.0 12.4 11.4 1.2 

L-serinet 9.4 2 11.8 12.6 15.0 1522 Wil 16.8 

L-alaninet 8.3 9.8 12.3 AN5yt 15.0 el 525 14.5 

Pyruvate} 8.3 10.9 12.0 13.0 14.1 14.1 13.4 13.4 


* Inoculum refers to 24 hr plated cells subjected to test medium. 

t Test medium contained 13 essential amino acids plus L-alanine, pyruvate, L-asparagine, L- 
aspartate, L-glutamate, L-proline, L-hydroxyproline. 

{ Test medium contained 13 essential amino acids plus glycine, L-serine, L-asparagine, L-as- 
partate, L-glutamate, L-proline, L-hydroxyproline. 


related compounds in the same manner as did 
the embryonic cells. 

Discussion. A major difference in the nu- 
tritional requirements of avian and mammal- 
ian cultures which has received detailed study 
appears to be a factor or factors associated 
with the macromolecular constituents of em- 
bryo extract(6,7). Additional factor(s) as- 
sociated with the nondialyzable portion of 
serum are required by both groups of cells. 
The serum factor(s) were not species specific. 
In fact, bovine serum was more effective than 
chick serum and did not inhibit at higher lev- 
els as did chick serum upon occasion. The 
requirement for embryo extract was not con- 
fined to embryonic tissues but applied as well 
to the maturing cockerel cells. However, 
these studies were over brief growth periods 
on a gross population of primary cells. Adap- 
tation or stabilization processes in continued 
culture could result in strains with different 
properties. At present primary chick embryo 
lung cultures have proved highly satisfactory 
in this laboratory in assay procedures in 
studies of embryo extract growth factor(s). 
Kutsky has prepared growth-promoting pro- 
teins from tissue extracts which were assayed 
using explants or subcultured cells(6,7). 

Avian cells in common with mammalian 
cells exhibited requirements for 13 essential 
amino acids. Avian cells also were stimu- 
lated by glycine, L-serine and to a lesser de- 
gree by 0.1 wg folinic acid or 5-10 pg per ml 
of folic acid. These stimulatory effects of 
glycine, L-serine, folinic acid and higher con- 
centrations of folic acid frequently have been 
encountered in this laboratory in a wide va- 
riety of mammalian cultures. Substitution of 


glycine by folinic acid for growth of primary 
monkey kidney cultures has been reported 
(8). 

An outstanding difference in the micro- 
molecular requirements for optimal growth of 
avian cultures was the marked stimulation by 
small quantities of L-alanine. Relatively 
high levels of pyruvate, oxalacetate, alpha- 
ketoglutarate could replace the alanine re- 
quirement perhaps by contribution to its bio- 
synthesis. Pyridoxal phosphate improved 
growth in some measure in the absence of L- 
alanine although the test medium contained a 
total of 1 »g per ml of pyridoxine and pyri- 
doxal. The participation of this cofactor in 
transamination reactions in production of L- 
alanine(9) may account for its activity. Iso- 
lated Walker carcinosarcoma 256 cells have 
been shown to require pyruvate, oxalacetate, 
or alpha-ketoglutarate, although alanine could 
not substitute for these compounds(5).° 


Summary. Primary chick embryo and ma- 
turing cockerel lung cultures were found to 
grow in a test medium containing dialyzed 
chick embryo extract, bovine serum, and a va- 
riety of small molecular constituents. The 
avian cultures required the 13 amino acids 
usually found to be essential for mammalian 
cells. They also were markedly stimulated by 
glycine or L-serine and by small quantities of 
L-alanine. Folinic acid and higher levels of 
folic acid partially replaced the glycine re- 
quirement for optimal growth. Pyruvate, 
oxalacetate, or alpha-ketoglutarate, replaced 
the requirement for L-alanine. Pyridoxal 
phosphate partially replaced the L-alanine. 
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Administration of adrenocortical steroids 
per rectum in treatment of ulcerative colitis 
has produced encouraging results(1-11). 
In general, the primary mode of action of this 
form of therapy has been attributed to a local 
effect, as in the topical treatment of certain 
dermatologic conditions(2,5,6,10,14) though 
Liddle(13) and Nabarro et al.(4) have dem- 
onstrated absorption of some forms of hy- 
drocortisone given by rectum. Our first ex- 
perience with rectal administration of steroids 
was in Feb., 1958 during a preliminary evalu- 
ation of 6-methyl-prednisolone. The response 
was surprisingly gratifying. The subsequent 
availability of radioactive 6-methyl-predniso- 
lone (6-alpha-C'!-H;-prednisolone) prompted 
studies to (1) estimate amount of steroid ab- 
sorbed from the rectum, (2) determine the 
rapidity with which it might be absorbed, and 
(3) length of time it remained within the 
body, if absorbed. 

Methods. Administration: One milligram 
(3.2 microcuries) of 6-alpha-C!4-H3-predniso- 
lone, dissolved in one ml of 95% ethanol, was 
drawn into a 20 ml syringe. Forty mg of 6- 
methyl-prednisolone sodium succinate, dis- 
solved in 1 ml of water, were rapidly drawn 
into the same syringe; (in case 4 this step was 
eliminated). Fifteen milliliters of tap water 
were drawn into the same syringe. The con- 
tents of the syringe were mixed rapidly and 


* This study was supported in part by the USPHS 
Grants and by the Upjohn Co. Upjohn Co. supplied 
6-methyl-prednisolone esters and 6-alpha-C!4-H,- 
prednisolone. 


emptied by gravity into a soft rubber cathe- 
ter, whose tip had been placed in the rectum 
of the patient lying on his left side. The 
catheter drained into the rectum completely 
within one minute and then was withdrawn; 
no patient evacuated the rectum in the suc- 
ceeding 24 hours. Analysis of urine: Two 
successive 24 hour urine collections were 
made as separate voided specimens. The vol- 
ume and time of each voided urine were re- 
corded. Aliquots (0.5 ml) from each speci- 
men were counted in a Packard Tri Carb 
Scintillation Counter as disintegrations per 
minute; total disintegrations/minute per 
voided specimen were calculated from these 
data. All voided specimens for each 24 hour 
period were pooled and mixed. Nine hundred 
ml aliquots from each 24 hour pool were ex- 
tracted for the neutral lipid fraction. Extrac- 
tion of urinary corticosteroids:t(12) The uri- 
nary pH was adjusted to 5. One-tenth vol- 
ume of acetate buffer (pH 5.0) was added. 
Hydrolysis with 300 units of spleen beta-glu- 
curonidase/ml progressed 5 days. The hy- 
drolyzed urine was adjusted to pH 1 with sul- 
furic acid and continuously extracted with 
ether for 48 hours. The ether extract was 
washed 3 times with each 1/10 volume 2N so- 
dium hydroxide and 1/10 volume of 5% so- 
dium chloride. Each hydroxide or salt wash- 
ing was back extracted with ether. Each 
“back extract” was added to the original ether 
extract. The total ether extract was evapo- 


t Modification of the method of Dobriner made 
by Attallah Kappas—personal communication. 
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TABLE I. Rectal Absorption of Radioactive 6-Methyl Prednisolone. 


Patient 1 


Patient 2 


Patient 3 Patient 4 


Rectal dose (3.2 ye) 
Total counts/ml 


10,870,000 DPM 10,870,000 DPM 10,870,000 DPM 


10,870,000 DPM 


Urine 
(Ast 24 hr) 3,811,390 3,270,090 1,704,800 6,583,380 
(CE ae 182,610 229 560 275,416 372,190 
Totalurinary radioactivity 3,994,000 DPM 3,499,650 DPM 1,980,216 DPM 6,955,570 DPM 
% of rectal dose 37% 31% 18% 64% 
Urinary ethereal eatract 
Gr 24 hr) 2,111,787 1,297,399 993,378 3,338,048 
(2nd ) 90,372 Not done 153,868 157,016 
Total 2,202,159 DPM 1,147,246 DPM 3,495,064 DPM 
% of urinary radioactivity 55% 57% 50% 
Urinary neutral lipid extract 
(1st 24 hr) 583,204 402,185 355,374 900,176 
(2nd ) 67,648 6,399 126,902 94,480 
Total 650,852 DPM 408,584 DPM 482,276 DPM 994,656 DPM 
% of urinary radioactivity 16% 12% 24% 14% 
Residual urine 
(1st 24 hr) 1,197,990 892,080 326,981 40,493 
(2nd 0) 97,640 Insufficient count 31,907 2,070 
Total 1,295,630 DPM 358,888 DPM 42,563 DPM 
% of urinary radioactivity 32% 25% 18% 0.6% 


DPM = Disintegrations/min. 
Patient 1 (S.R.)—Normal. 


Patient 2 (M.F.)—Chronic ulcerative colitis under no therapy. 


Patient 3 (R.H.)—Chronie ulcerative colitis receiving prednisone, 40 mg daily. Patient 4 (I.B.) 
—Chronie ulcerative colitis receiving ACTH gel, 40 units intramuse., and prednisolone, 100 mg 


orally daily. 


rated to dryness, then dissolved in 25 ml of 
purified ethanol. The ether extract, sodium 
hydroxide washing and sodium chloride wash- 
ing were counted in a Packard Tri Carb Scin- 
tillation Counter. 

Results. Unfortunately, studies in patients 
with ulcerative colitis involving urine and fe- 
cal collections are fraught with difficulties in- 
digenous to the disease. Of 7 hospitalized pa- 
tients in whom the radioactive 6-methyl-pred- 
nisolone was instilled, only 2 ulcerative colitis 
patients and one normal individual provided 
complete collections of urine. Athough a 
third ulcerative colitis patient (R.H.) main- 
tains he supplied a complete collection, the 
low 24 hour volumes and low total radioactiv- 
ity of his urine strongly suggest that the col- 
—lections were not complete; nevertheless, this 
case is included. 

The 4 patients in this study are: (1) S.R., 
a normal male 54 years of age; (2) M.F., a 
25 year old male with chronic ulcerative coli- 
tis for 4 years who had not received steroid or 
corticotropin therapy for 16 months; (3) R. 


H., a 20 year old male with ileocolitis for 2 
years and receiving prednisone, 40 mg orally 
at time of study; (4) I. B., a 34 year old male 
with ulcerative colitis for 5 years and receiv- 
ing ACTH gel, 40 units intramuscularly and 
prednisolone, 100 mg orally each day during 
this study. All ulcerative colitis patients 
were under relatively similar control; averag- 
ing one bowel movement every one to 2 days. 
The stools of M.F. contained gross blood; 
the others were positive for occult blood (ben- 
zidine test). The rectal mucosa of M.F. was 
edematous, granular and slightly friable. In 
the other patients with ulcerative colitis, the 
rectal mucosa was edematous and granular 
but not friable. In spite of the limited num- 
ber of patients, the preliminary findings ap- 
pear of interest. 

The pattern of excretion of radioactivity is 
depicted in Table I. The most striking ob- 
servation is the general similarity of the 
curves of all patients. It also is apparent that 
half of the dose of total absorbed radioactive 
6-methyl-prednisolone reflected in urinary ex- 
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FIG. 1. Reetal absorption of 6-alpha-C'-H,-predni- 
solone. X— <P Patient, 1) (S) Ra). normal: 
—M----B, Patient 2 (M.F.), chronic ulcerative 
colitis with no therapy; O-—~—O, Patient 3 (R.H.}, 
chronie ulcerative colitis receiving prednisone, 40 
mg daily; @---- @, Patient 4 (I. B.), chronic ul- 
cerative colitis receiving ACTH gel, 40 units, and 
prednisolone, 100 mg daily. 


cretion is excreted within 6 hours after rectal 
instillation, a trend observed in all 4 subjects. 
Two patients received tracer doses in the 
morning, 2 in the afternoon, there was no 
discernible diurnal variation in excretion. 
Table II demonstrates amount of radioac- 
tivity from the rectal dose recovered in the 
urine. In the urine of the normal man 37% 
of the radioactivity in the rectal dose was re- 
covered within 48 hours after instillation; 
31% from the urine of the patient with ul- 
cerative colitis receiving no other therapy. 
H.R., the patient receiving oral prednisone, 
excreted only 18% of the rectal dose in the 
urine, but, as stated previously, we suspect 
this low value reflects incomplete collection of 
urine, rather than a true decrease in absorp- 
tion. I.B., the patient receiving ACTH intra- 
muscularly and prednisolone orally, excreted 
64% of the rectal dose in the urine. The in- 
crease in total absorption in this case may re- 
flect an action of ACTH or prednisolone on 


the rectal mucosa, possibly increasing the ab- 
sorptive capacity. 

However, regardless of total amount of ra- 
dioactivity excreted in urine, the various ex- 
tractions of urine used to isolate the metabo- 
lites of 6-methyl-prednisolone contained ap- 
proximately the same proportions of radio- 
activity in all cases. Between 50 and 75% 
of urinary radioactivity was contained within 
the metabolites extractable by ether. Be- 
tween 12 and 24% was detected in the me- 
tabolites contained within the neutral lipid ex- 
tract. This observation indicates that the ma- 
jor portion of steroid metabolites of 6-methyl- 
prednisolone are water soluble; an acceptable 
observation in relation to the known informa- 
tion concerning the metabolic products of 
prednisolone. 


Discussion. Because the C1 atom is con- 
tained within the 6-methyl group, we have 
been concerned that bacterial action in the 
colon might split it off, permitting its absorp- 
tion independently of the steroid nucleus. 
This may have occurred to the major portion 
of the 6-methyl-prednisolone instilled in the 
rectum. Nevertheless, the evidence indicates 
that a significant amount was absorbed un- 
altered. This result agrees with the findings 
of Nabarro et al.(4) and Liddle(5) who esti- 
mated that between 26 and 33% of hydrocor- 
tisone in alcohol was absorbed from the rec- 
tum. That plasma cortisol levels do not rise 
significantly following cortisol enemas(9) is 
not in disagreement with these findings. On 
the contrary, Schwartz et al. found that, al- 
though the plasma cortisol level was not al- 
tered measurably, the plasma content of con- 
jugated steroids derived from cortisol was 
noticeably increased within the first hour 
after cortisol was given by rectum. These find- 
ings thus reflect the rapid metabolic turnover 
of adrenocortical steroids within the body. 

The present observation that half of ab- 
sorbed radioactivity excreted in urine leaves 
the body within 6 hours supports another ob- 
servation of Schwartz et al., that the elevated 
plasma content of conjugated steroids derived 
from radioactive cortisol given by rectum fell 
to non-detectable levels within 4 hours after 
the retention enema. 


we 
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Although we do not know how much of the 
benefit of steroid retention enemas in treat- 
ment of ulcerative colitis is from local effect 
and how much from systemic absorption of 
the steroid, there is no doubt that a substantial 
amount of 6-methyl-prednisolone is absorbed. 
Evidence suggests that this drug is absorbed 
very rapidly, metabolized rapidly, and that 
half of the quantity absorbed and excreted in 
the urine is excreted in less than 6 hours. 

Conclusion. 6-methyl-prednisolone is ab- 
sorbed rapidly and in substantial amounts 
from the rectum in normal individuals and 
in patients with ulcerative colitis. Half of the 
6-methyl-prednisolone absorbed from the rec- 
tum and excreted in the urine is eliminated 
within 6 hours. The beneficial action of 6- 
methyl-prednisolone retention enemas may be 
systemic as well as local. 


The authors express their gratitude to Doctors 
Attallah Kappas and George V. LeRoy and to Lee 
Wilcoff for aid in this study. 
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The function of prolactin (lactogenic hor- 
mone, luteotrophic hormone or LTH) in the 
male mammal is not well established. Pas- 
qualini(1) reported a marked increase in se- 
cretions of seminal vesicles of castrate rats 
after administration of LTH for 3 consecutive 
days following priming dose of testosterone 
propionate. Influence of LTH on the prostate 
was not significant. Pasqualini considered 
that the action of LTH was directly on the 
seminal vesicles but manifested itself only 
when the wall of seminal vesicles was ren- 
dered reactive by action of testosterone. Chase 
et al.(2) observed minimal growth of seminal 


* Supported in part by grant from Univ. of Wis- 
consin Med. School Research Fund. 

+ Present address: Dept. of Zoology, University of 
Delhi, India. 

t Authors acknowledge technical assistance cf R. 
Anne Heian. 


vesicles of castrate Sprague-Dawley rats with 
administration of LTH or LTH in combina- 
tion with TP. Testosterone and STH  to- 
gether caused a significant increase in weight 
and proportion of glandular tissue of the ven- 
tral prostate and seminal vesicles. Their data 
suggest that LTH may act in a synergistic 
manner to stimulate accessories of the male 
rat. Everett(3,4) showed that pituitary auto- 
grafts to the kidney capsule of female rats fa- 
vored continuous secretion of LTH and main- 
tained corpora lutea in a functional state at 
least 4 to 5 times the duration of pregnancy. 
Rennels (Univ. of Texas, personal communi- 
cation) pointed out that the pituitary of male 
rat transplanted to kidney capsule of female 
rat was equally capable of producing LTH 
and maintained corpa lutea in a functional 
state. In view of these observations it be- 
came of interest to see if the autografted pitui- 
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TABLE I. Effect of Prolactin (LTH) and Testosterone Propionate (TP) on Seminal Vesicles 
of Intact, Castrate, Hypophysectomized and Pituitary Autografted Male Guinea Pigs. 


Treatment Body wt (g) : ; 
No. of Sem. ves. Epithelial 
Group TP (ug) LTH (I.U.) animals Initial Final wt (g) ht (mu) 
Long term series 
Intact control 6 507 777 1873 17.8 
15 6 503 770 2036 18.0 
Castrate control 3 510 715 352 8.1 
ye 3 520 714 314 8.0 
12.5 vi 3 530 670 490 8.0 
Z 30 3 557 777 739 11.5 
22 3 bil'f/ 705 364 8.8 
Hypophysectomized 3 460 710 218 8.0 
15 3 510 805 326 9.0 
: 30 3 525 655 510 12.9 
Pituitary autograft 3 490 564 222 7.8 
é 3 540 ao 591 13.2 
? 3 530 640 478 8.5 
Short term series 
Castrate control 3 510 690 356 8.4 
30 3 531 583 363 8.7 
« 25 3 573 580 879 17.8 
* # 30 3 575 616 870 iat 
- " 60 3 530 760 1331 18.2 
Intact control 3 515 744 2048 18.0 


* Inj. with priming dose of 100 y of TP for 6 


for 7 days. 


tary in the male guinea pig would function 
likewise. Experiments here reported are a 
pilot study, because dose levels of LTH in the 
guinea pig had to be established and combina- 
tions of LTH and TP relative to physiological 
conditions had to be checked. The conse- 
quence of this is evident in the design of the 
experiment in that many groups are involved, 
each containing only a few animals. 


Materials and methods. Sixty-three male 
guinea pigs of a heterogeneous strain were 
used in 2 series of experiments, a long and 
short term series. Forty-five animals in the 
long term series were subjected to different 
operative procedures and placed in Groups 1 
to 13 (Table I). All operations were per- 
formed when animals were 65 days old. Hy- 
pophysectomy was accomplished by para- 
pharyngeal approach under ether anesthesia 
and when the gland was to be transplanted it 
was sucked into sterile cannula and placed in 
sterile physiological saline at room tempera- 
ture. Autografts were made immediately by 
placing the gland under the left kidney cap- 
sule following the method of Everett(4). In 
Group 13, castration was done the same day 


days, followed by treatment indicated in Table 


immediately following autograft of pituitary 
gland. Daily intramuscular injections of tes- 
tosterone propionate or prolactin were begun 
the day following surgery and continued for 
8 weeks.'|| Prolactin (NIH-SP-1) used is a 
highly purified sheep preparation, estimated 
to contain 20 I.U./mg, and distributed by 
the Nat. Insts. of Health. Pyrogen-free 
water at pH 7.0 was the solvent for the pro- 
lactin powder. On day following last injec- 
tion, the animals were sacrificed by decapita- 
tion and sex accessories, pituitary, adrenals 
and testes were removed and weighed. Semi- 
nal vesicles were not freed of their contents 
before weighing. Bits of tissue from all these 
structures were fixed in Zenker’s fluid, sec- 
tioned at 7 » and stained with Groat’s tetra- 
chrome stain. The sella turcica of hypophy- 
sectomized animals was examined under mag- 
nification for presence of pituitary fragments. 
In the short term series, 18 male guinea pigs 
were castrated at 65 days of age. Six weeks 


§ Prolactin was a gift from Endocrinology Study 
Section, Nat. Insts. of Health. 

|| Testosterone propionate was a gift from Ciba 
Pharmaceutical Products, Summit, N. J. 
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later, when sex accessories had attained maxi- 
mum regression, they were divided into 5 
groups and treated as indicated in Table I. 
Group 14 received no treatment. Groups 16, 
17 and 18 were injected for 6 days with 100 
pg of testosterone propionate/day after which 
they were injected for 7 days with 25 yg of 
testosterone propionate. In addition to above 
treatment, Groups 17 and 18 received 30 and 
60 I.U. of LTH daily, respectively during last 
7 days. Group 15 received only 30 I.U. of 
LTH daily during last 7 days without prior 
priming with TP. Animals were sacrificed the 
day following last injection and processed as 
in the long term series. 

Results. In the long term series (Table I), 
castrates (Group 3) showed atrophy of semi- 
nal vesicles. The same condition was also 
seen in castrates treated with 15 I.U. LTH 
(Group 4), subminimal TP (12.5 pg) and 15 
I.U. LTH (Group 5) or subminimal TP only 
(Group 7). Appearance of epithelium and 
average cell height in these groups was nearly 
the same (8.1 to 8.8 mu). The nuclei were 
located basally and supranuclear zone was 
small. However, castrates treated with sub- 
minimal TP and 30 I.U. LTH (Group 6), ex- 
hibited seminal vesicles nearly double the 
size and weight of other treated groups 
(Groups 4, 5 and 7). Average cell height of 
epithelium was 11.5 my. Epithelium was 
slightly columnar, nuclei basal and supranu- 
clear zone was tall and had a number of secre- 
tory granules in the cytoplasm. There was 
no visible accumulation of secretion in the 
seminal vesicles. Hypophysectomized animals 
receiving no treatment (Group 8) or those 
receiving subminimal TP and 30 I.U. LTH 
(Group 10) exhibited marked heightening of 
epithelium but with no visible secretion in the 
seminal vesicles. Since amount of secretion 
in seminal vesicles of different groups was too 
small for quantitative estimation, only a sub- 
jective evaluation was possible. In Groups 6 
and 10 all of the seminal vesicles exhibited the 
responses indicated, with much uniformity 
present at the cellular level. 

Pituitary autografted animals without fur- 
ther treatment (Group 11) showed marked 
atrophy of seminal vesicles corresponding to 
those of castrates, while those receiving sub- 


minimal TP (Group 12) evidenced an in- 
crease in weight of seminal vesicles and a cell 
height average of 13.2 my. Autografted cas- 
trates receiving same level of TP (Group 13) 
did not show any increase in epithelial height 
and resembled those of castrates. 

The object of the short term series (Table 
I) was to verify and to test results of Pas- 
qualini and Chase and check on a higher dose 
of LTH. In those treated with 30 I.U. LTH 
daily (Group 15) weight of seminal vesicles 
and appearance of epithelium were similar to 
castrates. Those treated with TP only (Group 
16) had seminal vesicles weighing nearly 
double that of castrates and the epithelium 
was considerably higher (average cell height 
of epithelium 17.8 mu). In animals treated 
with TP and 30 I.U. LTH daily (Group 17), 
weight of seminal vesicles was nearly the same 
as in those treated with TP only (Group 16). 
Appearance of epithelium was more like that 
of intact animals than androgen treated cas- 
trates. Nuclei were located basally in a row 
and the supranuclear zone of cytoplasm was 
tall and granular. A significant difference 
was noticed in Group 18 treated with TP and 
60 I.U. LTH daily where weight of seminal 
vesicles was approximately twice that of 
groups treated with TP (Group 16) or those 
treated with TP and 30 I.U. LTH (Group 17). 
Average cell height of epithelium was the 
same as that of intact controls or those treated 
with TP only (17.8 my). All of the seminal 
vesicles of Groups 16, 17, 18 responded uni- 
formly. 

In neither series did the prostates, adrenals, 
pituitaries, testes and mammary glands show 
any significant differences in structure or size 
in the different groups treated with various 
levels of LTH. 

Discussion. In long and short term series 
it appeared that seminal vesicles only, among 
sex accessories, were sensitive to LTH admin- 
istration. While LTH alone had no effect on 
seminal vesicles of the castrate guinea pig, 
it did however cause a significant increase in 
weight and stimulated the epithelium of semi- 
nal-vesicles primed with TP. Comparison of 
histological appearance of seminal vesicles in 
Group 6 with Group 17 of the short term se- 
ries indicated that the epithelium was stimu- 
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lated. Presence of secretion in seminal ves- 
icles of Group 17 only, indicated that higher 
priming dose of TP was required before LTH 
could cause it to become secretory. Doubling 
the dose of LTH to 60 I.U. daily (Group 18) 
caused corresponding increase in weight of 
seminal vesicles. Since there is no increase 
in height of epithelium the increase in weight 
could be accounted for primarily by increase 
in amount of secretion or by hyperplasia 
caused by LTH. 

The difference in appearance of seminal 
vesicle epithelium between autografted intacts 
(Group 12) and autografted castrates (Group 
13) may indicate that there was a small 
amount of secretion of gonadotrophic hor- 
mones by transplanted pituitary which stimu- 
lated the Leydig cells to produce testosterone. 
This augmented the subminimal TP injected 
exogenously. It is also possible that the epi- 
thelial response by autografted intact animals 
may indicate that small amounts of LTH 
were being produced by the graft. This acted 
synergistically with subminimal TP to bring 
about responses similar to those seen in ani- 
mals receiving subminimal TP and a high 
dose of LTH. 

When comparing groups 16 and 17, there 
seemed to be no significant change in seminal 
vesicle morphology resulting from daily ad- 
ministration of 30 I.U. LTH over that re- 
sulting from TP itself. Contrasting these 2 
groups with Group 18 which received 60 I.U. 
LTH, it appeared as if some stimulation was 


Distribution of ‘Red Blood Cells Between Tissues of Mouse.* 
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obtained other than by TP. Thirty I.U. LTH 
acting with subminimal dose of TP in the 
long term study groups did show stimulation. 
It is clear that many levels of LTH must be 
tested, however, some quantitative relation- 
ships of effectiveness have been suggested. 

Summary and conclusions. The role of 
LTH (lutectrophic hormone, prolactin or lac- 
togenic hormone) in stimulating epithelium 
of seminal vesicles of castrated guinea pigs 
has been tested in 2 series of experiments. 
LTH alone had no effect on seminal vesicles 
of castrates. LTH together with subminimal 
testosterone propionate caused significant in- 
crease in weight of seminal vesicles as well as 
height of epithelium. A high priming dose of 
TP was required before LTH stimulated vis- 
ible secretion. Doubling the dose of LTH 
after priming with TP caused a corresponding 
increase in seminal vesicle weight. Prostates, 
testes, mammary glands, adrenals and pitui- 
taries did not show any significant differences 
in structure or size when various levels of 
LTH were present. The results are in agree- 
ment with the findings of Pasqualini(1) and 
Chase et al.(2). 
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Red blood cells labeled with radioactive 
isotopes are presently being employed in a 
variety of experimental conditions for deter- 
mination of circulating red blood cell volume. 


* This investigation was supported in part by 
research grant from Nat. Inst. of Health, Bethesda 
Md. 

+ Present address: Dept of Physiology, Indiana 
Univ. School of Med., Indianapolis. 
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In general, the technic consists of intravenous 
injection of labeled erythrocytes followed by 
sampling of blood after a period of time con- 
sidered adequate for complete vascular mix- 
ing. Usually, this time interval is derived 
from the blood radioactivity curve and repre- 
sents the point at which blood radioactivity 
achieves a constant level. While this interval 
may be suitable for determination of the cir- 
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FIG. 1. Concentration of radioactivity in circu- 
lation following intray. administration of radio- 
iron labeled red cells (semi-log plot). 

FIG. 2. Distribution of intravenously inj. radio- 
iron labeled red cells between various tissues of 
mouse. 

FIG. 3. Distribution of radioactive red cells be- 
tween liver, kidney and spleen following intrav. ad- 
ministration (semi-log plot). 


culating red cell volume it does not necessarily 
indicate that vascular mixing has been com- 
pleted at the tissue level. It is certainly con- 
ceivable that incomplete vascular mixing may 
exist in some segment of tissue vasculature 
and be obscured by the large pool of radio- 
activity in the effective circulation. Because 
it was of interest to study tissue circulation, a 
knowledge of the characteristics of local vas- 


cular mixing was considered essential. There- 
fore, the progressive accumulation of radioac- 
tivity in various tissues following intravenous 
injection of labeled red cells was determined. 

Methods. Ninety male albino mice of the 
CF-1 strain weighing 19-22 g were used. 
Mouse red cells were Iabeled in vivo with ra- 
dioactive iron (Fe-59) according to the 
method of Hahn e¢ al.(1). Essentially the 
procedure consisted of intravenous injection 
of a donor animal with radioactive ferrous 
ammonium citrate, followed by removal of 
blood from donor animal at approximately 3 
weeks post injection. Three weeks of in vivo 
incubation resulted in about 50% incorpora- 
tion of radioiron into the red cells. The cells 
were washed 3 times with cold saline, then re- 
constituted to hematocrit of 45%, previously 
determined to be the mean venous hematocrit 
of normal mice. The radioactive cell suspen- 
sion was injected intravenously in volumes of 
0.1 ml. The mice were then killed by rapid 
immersion into liquid nitrogen at intervals of 
5 minutes to 6 hours post injection of tracer 
cells. Tissue samples were obtained(2), 
weighed, digested in alkali, and assayed for 
radioactivity with a scintillation counting sys- 
tem. Radioactivity in each tissue was ex- 
pressed as per cent of injected dose of radio- 
activity/g of tissues. 

Results. Fig. 1 represents a semi-log plot 
of radioactivity in the circulating blood, fol- 
lowing intravenous injection of labeled red 
cells, expressed as per cent of injected dose/g 
of red blood cells. The point at each interval 
represents the mean of 10-12 determinations. 
Radioactivity/g of red cells exceeds the dose 
injected because the circultaing red cell vol- 
ume is less than 1 g, thus when considered on 
the basis of 1 g, radioactivity associated with 
red cells is expanded proportionately. The 
dilution of vascular mixing of injected cells 
is indicated by an abrupt decline in concen- 
tration of blood radioactivity. This decline 
proceeds in a uniform manner for approxi- 
mately 15 minutes, at which time blood radio- 
activity achieves a steady level, essentially 
maintained through 6-hour period of analysis. 
The point of transition is taken to represent 
the time at which vascular mixing of injected 
cells becomes complete. Fifteen minutes for 
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vascular mixing of red cells in the mouse 
agrees quite well with times reported for the 
dog(3) and human(4). It was expected that 
because of its accelerated heart rate and 
shorter circulation time, the mouse would ex- 
hibit a more rapid vascular mixing than either 
dog or human. This apparently prolonged 
mixing time of 15 minutes may reflect the in- 
travenous injection of a relatively large vol- 
ume of blood (5% of the blood volume) which 
would probably require additional time to 
become fractionated and completely mixed 
with the endogenous circulating blood. 
Distribution of radioactive red _ cells 
throughout the tissue circulation is illustrated 
in Fig. 2. Tissue radioactivity is expressed as 
per cent of injected dose/g of tissue. The 
points at each interval represent the means of 
data derived from 10-12 mice. Since tissues 
such as lung and spleen are present in small 
amounts, when expresed on a per gram basis, 
the value of their radioactivity is expanded 
proportionately. On the other hand, radio- 
activity of tissues such as muscle, skin, and 
intestine which are present in the animal in 
quantities greater than 1 g, are attenuated 
when considered on a per gram basis. It will 
be noted that although concentration of radio- 
activity in skin, intestine, muscle and lung has 
reached a steady level within 15 minutes, that 
in the spleen, kidney and liver has not. To 
visualize more clearly the characteristics of 
radioactive accumulation in these tissues, the 
data presented in Fig. 2 were replotted on a 
semi-log scale and are shown in Fig. 3. Spleen 
and kidney exhibit a progressive increase in 
radioactivity for approximately 1 hour at 
which time very little further change occurs. 
During the first hour post injection of radio- 
active red cells, radioactivity within the liver 
first rises to a peak and then proceeds to de- 
cline. The initial increase in radioactivity of 
spleen and kidney is considered to represent 
rate of vascular mixing in these tissues. While 
these rates may seem slow, it is conceivable 
that becaue of the sinusoidal nature of the 
splenic vasculature the distribution of red 
cells throughout the spleen is somewhat re- 
stricted and irregular(5). The variable 
changes in liver radioactivity following intra- 


venous injection of radioactive cells may also 
reflect the irregular and periodic flow of 
blood through the sinusoids of the liver(6). 
It is possible that a slug of concentrated radio- 
activity may have become momentarily iso- 
lated within inactive sinusoids of the liver 
thereby imparting a high tissue radioactivity 
to the organ. Subsequent activation of such 
sinusoids would permit the concentrated radio- 
active cells to be flushed out and liver radio- 
activity would decline. While the kidney does 
not possess a sinusoidal vasculature it appears 
to have the ability to restrict distribution of 
red cells throughout its circulation. This is 
consistent with the low dynamic hematocrit 
exhibited by the kidney of the mouse(7). 


It is, of course, assumed that all injected ra- 
dioactivity is securely bound in red cells and 
remains there so long as the cells maintain 
their integrity. That concentration of radio- 
activity in the blood remains essentially con- 
stant after the 15-minute post injection period 
suggests that either this assumption is valid 
or that any loosely bound radioiron in the in- 
jection suspension has been removed from the 
circulation with 15 minutes post injection. 


It appears from our data that 15 minutes 
post-injection, required for mixing of labeled 
red cells with the rapidly circulating red cell 
pool, is also adequate for vascular mixing 
within skin, intestine, muscle and lung. How- 
ever, it does not provide sufficient time for 
complete vascular mixing of red cells within 
spleen, kidney and liver. In these tissues, ap- 
proximately 45 minutes to 1 hour is necessary 
to insure complete mixing of radioactive and 
non-radioactive red cells. 


Summary. Distribution of intravenously 
injected radioactive red cells throughout tis- 
sue circulation of mice was determined. The 
evidence suggests that distribution of labeled 
red cells throughout the circulation of spleen, 
kidney and liver proceeds more slowly than in 
skin, intestine, muscle and lungs. 
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Prolonged treatment with large doses of 
ACTH or cortisone is known to elicit a hyper- 
lipemic response in the rabbit(1-3) in man 
(4), and to a lesser extent in the dog(5). Cho- 
lesterol-induced hyperlipemia in rabbits and 
dogs is heightened markedly during adminis- 
tration of ACTH, cortisone, or hydrocortisone 
(5-7). The present studies show that prior 
short-term administration of ACTH enhances 
development of hyperlipemia in dogs subse- 
quently given a standard thiouracil and cho- 
lesterol diet for 6 to 10 months. 

Methods. Atherogenic diet: The standard 
diet consisted of 2 daily doses of 50 mg thio- 
uracil/k of body weight and kibble containing 
10% cholesterol (prepared with ether sol- 
vent), to provide a daily cholesterol intake of 
750 mg/k of body weight(8). To insure 
complete intake, this diet was fed first, fol- 
lowed by a meat-kibble diet fed ad ib. Dogs 
were divided into 3 groups: Group A. Twenty- 
eight dogs (13 beagles, 3 ‘Kendall mon- 
grels,”t and 12 ordinary mongrels) were nor- 
mal controls throughout and fed a meat-kib- 
ble diet only. Group B. Fourteen dogs (8 
beagles and 6 “Kendall mongrels’’) were 
maintained on standard atherogenic diet, plus 
meat-kibble. Group C. Seven dogs (4 bea- 
gles, one “Kendall mongrel,” and 2 mongrels) 


* This investigation was supported by Research 
Grant of Nat. Inst. Health, U.S.P.H.S., and Albert 
and Mary Lasker Fn. 

+ It has been suggested that breeds of dogs differ 
in susceptibility to atherosclerosis: beagles are con- 
sidered to be relatively resistant while a strain, 
originally mongrels and inbred by Dr. Forrest Ken- 
dall, are relatively susceptible. 


were given one to 3 injections of 40 units of 
ACTH-gel subcutaneously at intervals of 6 to 
12 days. Two to 4 months later, the 7 dogs 
were placed on the atherogenic diet. Three 
additional male beagles received 3 subcutane- 
ous injections of 40 units ACTH-gel at 3 or 4 
day intervals. After the third injection, the 3 
dogs were started on the atherogenic diet. All 
dogs but the ordinary mongrels were approxi- 
mately 1 year of age. All were maintained in 
kennels with outside runs. Each dog was 
used as his own control for at least one to 4 
months. Each was weighed at 2-week inter- 
vals and fed the atherogenic diet individually 
on a body-weight basis. Blood samples drawn 
from fasting dogs at 2 to 4 week intervals were 
analyzed for serum cholesterol(9), phospho- 
lipids(10) and alpha and beta lipoproteins 
(11). At autopsy, tissues were fixed in 10% 
neutral formalin. Aortas were stained with 
Sudan IV to demonstrate lipid content of 
atheromatous lesions(12). 

Results. Group A. Without treatment, 
serum lipid values of beagles and ordinary 
mongrels were comparable (Table I). Cho- 
lesterol and phospholipid values for the “Ken- 
dall mongrel” tended to be higher (p = 
< 0.05) than in the normal beagle. C/P and 
lipoprotein ratios did not differ significantly 
between beagles and “Kendall mongrels.” 

Group B. The atherogenic diet fed 4 to 11 
months tended to elevate serum cholesterol, 
phospholipids, and C/P ratio in all dogs, (p 
— <0.05) and a marked rise occurred in % 


+ The rank sum test was used for statistical evalu- 


ation of data. 
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TABLE I. Effect of ACTH Pretreatment on Lipid and Lipoprotein Response to Atherogenic Diet. 
Time* 
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H beta lipoproteins of beagles and “Kendall 
7 i mongrels” (Table I, Fig. 1-A and 2-A). The 
S 86 4 difference between the 2 strains of dog is ex- 
a emplified in Figs. 1 and 2. This strain dif- 
oy et Socio s ference will be elaborated elsewhere. 
A Group C. Prior treatment with one to 3 
iS subcutaneous injections of 40 units ACTH- 
i ees baie S gel’ heightened the hyperlipemic response (p 
in = 0.001) of 7 dogs of 3 different breeds main- 
2 tained for 6 to 10 months on the atherogenic 
ae ae ee © diet (Table I). This effect persisted for 6 to 
Ed ems Flier 2 os 10 months of the study (Figs. 1 and 2). 
a Autopsy findings. Dogs in Group C pre- 
Omri ODS Cre! gs treated with ACTH and fed the atherogenic 
iri oricit| 6&8 diet for 6 to 10 months showed severe athero- 
S S sclerosis in almost all vessels of the arterial 
ene eer 1 a tree. Coronary, thyroid, and cerebral vessels, 
= lec = - = and the bifurcations and terminal portion of 
< C the abdominal aorta were affected most se- 
rors ML Gey yo seals z Eh verely. Fig. 3-B demonstrates the high lipid 
. © res Soe content of atherosclerotic plaques in the lower 
SI eH gs part of abdominal aorta of a dog from Group 
gaien Gx con C. Death of one dog followed a cerebral hem- 
as cH Saeco B g orrhage near the posterior portion of the cir- 
S s sa 8 cle of Willis. Death of a second animal was 
$ SOS gaee | sh S asociated with far advanced atherosclerotic 
3 Bo il oe : lesions in the circle of Willis and all other ar- 
2 g 2 qo teries of the body. Four of the 10 dogs in this 
a P| ere ae he S is group suffered single or multiple cerebral oc- 
OOPS amr (FOU . +, clusions which produced symptoms similar to 
ag == those following cerebral occlusions in man. 
Fi 2S Dogs not pretreated with ACTH (Group 
Hr en OO 35 = a B) developed scattered, small atherosclerotic 
aa es plaques, found only in femoral and iliac ar- 
© 0 waalsg Sy . teries and in the abdominal aorta and its ma- 
ee Oe jor branches, as in one case shown in Fig. 
foo oA 
S BEES Discussion. Pretreatment with one to 3 in- 
aa 1S he . 7 <  jections of ACTH-gel markedly enhanced sub- 
gu a sequent hyperlipemia produced in dogs by 
“ 4 ou Sees feeding a thiouracil-cholesterol diet. This was 
Sp 5p 5 3A Be associated with significant enhancement of the 
ZO z z) = 2. 5 atherosclerotic process in larger arteries. 
AS 98 38% 6 2 Me One of the prerequisites for producing ex- 
ge Be Be = aa ge perimental hyperlipmia in the dog has been 
MS mM mMs|S=e §% the establishment of a hypothyroid state. It 
aS == has been suggested that in the dog the adre- 
E : P 5 nal cortical steroids exert their effect on lipid 
fe Y auc ae § ACTH-gel used was made by Organon and Ar- 
eo mour Labs. 
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metabolism, in part at least, through a depres- 
sion of thyroid function(5). In normal pa- 
tients, large doses of cortisone have been 
shown to produce a marked suppression of 
thyroid function as measured by P.B.I. levels 


and I'*! uptake(13). In acute experiments, 
it has been shown that ACTH and adrenal 
steroids are capable of reducing rate of re- 
lease of thyroidal radioiodine in rats and rab- 


bits(14). Furthermore, in the hypophysec- 
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FIG. 1. Response of beagle to thiouracil-cholesterol regimen. 
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FIG. 2. Response of ‘‘ Kendall mongrel’’ to thiouracil-cholesterol regimen. 


A. Without ACTH pretreatment 
HINGES: 


Bir Bas pbs 
KENDALL MONGREL 


3740 3,518 2,042 io) esto 208 
DOG No, 47-6 | : H ! 
|} ' 
zo00 F ! i 
| | 
1800 + | 2=209% 
| BTY 
1600 F a 
ACTH GEL § 
1400 F 4o.s0— 3 
3 
5 2-11-56 £ % 
WwW 1200 F sl es x 
« 3. we 
io 8) 
a 1000 3 x 
lien pe a 
E E | g:56 
= 800+ i! 
600 + suey seesr x 
Be2Th | B231%|| 
400 - xf 
‘\} @ CHOLESTEROL 
X* PHOSPHOLIPIO 
200 —— 


TraaleayilGes 
pric! may 'yune ' uty | auc. ' sept.’ oct 7 nov. 


B. With ACTH pretreatment 


B. With ACTH pretreatment 


Sudan IV-stained aortas obtained from beagles maintained on thiouracil-cholesterol 


regimen, 
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tomized rat, ACTH and cortisone have been 
shown to significantly inhibit the increased 
thyroidal uptake of I'*!, known to follow ad- 
ministration of thyrotropic hormone(15). 


It has been shown that the level of circu- 
lating adrenal cortical steroids is one of the 
factors which regulates the ACTH content of 
the pituitary. Adrenalectomy causes a rise 
in pituitary content of ACTH and hypertro- 
phy of the pituitary(16,17,18). Administra- 
tion of cortisone produces a depletion of pitui- 
tary ACTH. The associated atrophy of the 
adrenal gland suggests that ACTH secretion 
is also decreased(18). Furthermore, they 
showed(18) that administration of ACTH-gel 
to the rat caused a significant rise in pituitary 
ACTH, suggesting that lasting derangement 
of the endogenous ACTH-regulating mechan- 
ism may have occurred with failure of high 
levels of circulating adrenal corticosteroids to 
suppress further ACTH production. Our pre- 
liminary studies reveal a trend for dogs pre- 
treated with ACTH-gel to show increased 
amounts of urinary 17-hydroxycorticoids. 
Urinary corticoid excretion for normal beagles 
averaged 3.7 mg/24 hours (33 determina- 
tions) ; urinary corticoid excretion for thiour- 
acil and cholesterol-fed beagles averaged 3.4 
mg/24 hours (40 determinations); and uri- 
nary corticoid excretion for ACTH-pretreated 
dogs averaged 4.7 mg/24 hours (12 deter- 
minations). 

Summary. One to 3 injections of 40 units 
of ACTH-gel significantly enhanced the ele- 
vated serum cholesterol and phospholipid lev- 
els produced by subsequent thiouracil and 
cholesterol feeding in the dog. This effect 
was associated with paralytic strokes in 4 of 
10 dogs. Autopsy revealed markedly more 
widespread and more severe atherosclerosis 


in dogs pretreated with ACTH than in dogs 
who received only a high thiouracil and cho- 
lesterol diet. 


The authors are indebted to Drs. Wilfrid Dixon and 
Frederick Moore for statistical evaluation of the 
data and Drs. John Mehl and Ross Jacobs for 
supervision of lipid and lipoprotein determinations. 
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Our previous studies on distribution of ra- 
dioactivity in the animal body, following in- 
travenous injection of fluorene-2,7-di-(sulfo- 
namido-2-naphthalene) -S®°, have revealed dif- 
ferences in the localization pattern in tumor- 
bearing mice, rats and hamsters as compared 
with tumor-free controls. Concentrations of 
radioactivity in liver and spleen of control ani- 
mals are substantially greater than in these 
same organs of tumor-bearing animals(1,2,3). 
Autoradiograms indicate that the radioactive 
material is deposited in cells which have been 
described by Dunn(4,5) as units of the pha- 
gocytic reticulum. Thus, the presence of a 
tumor in the animal body appears to affect 
the phagocytic function of the reticuloendo- 
thelial system(1). To determine if this is a 
general stress phenomenon, we followed the 
distribution of this S*°-labeled compound in 
male and female rats and mice exposed to x- 
irradiation. Since a total whole-body irradia- 
tion of 150 r was shown by Toolan(6) suf- 
ficient to inhibit a foreign protein response in 
Wistar rats, this dosage of radiation was em- 
ployed. 

Materials and methods. 25 (13 male and 
12 female) 8-week-old Wistar rats, and 36 
(18 male and 18 female) 7-week-old, CAF,/ 
Jax mice were employed. Six male and 7 fe- 
male rats, and 12 male and 12 female mice 
received 150 r whole-body irradiation at the 
rate of 130 r/min from a 250 KV, 15 ma, Gen- 
eral Electric X-ray machine. No filter was 
added to inherent filter of the tube. Animals 
were irradiated singly in a vinyl plastic cage. 
Seven male and 5 female rats, and 6 male and 
6 female mice served as nonirradiated con- 
trols. Forty-eight hours following irradiation, 
each rat was administered by tail vein 1.3 ml 
0.05 N sodium hydroxide containing 12 mg 
fluorene-2,7-di-(sulfonamido-2-naphthalene) - 


* This investigation supported by U.S.P.H.S. grant 
and Atomic Energy Comm. 

+ The authors are most grateful to Treva Seepe 
and Marie Hudson for assistance and to Dr. J. M. 
Dell, Jr., for use of irradiation facilities. 


S* having a specific activity of 10,000 disin- 
tegrations/sec/mg and prepared as previously 
reported(7). Each mouse received 0.5 ml of 
the injection solution containing 4.5 mg of the 
S*-labeled disulfonamide. Six male and 6 
female mice were injected 48 hours after ir- 
radiation, and 6 male and 6 female mice were 
injected at 144 hours. Each animal was then 
placed in individual metabolism cage, and 
sacrificed 6 hours following administration of 
the compound. Concentration and per cent 
recovery of radioactive material in tissues and 
excreta of animals were determined by meth- 
ods previously described(8), except for the 
following modifications. Organs of all rats 
and total excreta of 15 rats were analyzed in- 
dividually. For 10 rats, urine and feces were 
collected separately and individually. For 
these, feces samples were dried before weigh- 
ing and 50 ml 1% sodium hydroxide was 
added for each gram; urine was taken up on 
filter paper, dried and extracted with 100 ml 
1% sodium hydroxide. One ml portions of 
all excreta samples were plated. ‘Total blood 
volume was calculated on the basis of 6.7 
ml/100 g body weight for rats(9) and 6.32 
ml/100 g body weight for mice(10). 

Results. Range and average total body 
weights as well as weights of liver, spleen and 
thymus at time of sacrifice are given for rats 
and mice in Table I. That whole-body irra- 
diation of 150 r exerts an effect on young Wis- 
tar rats and CAF, mice is evident by reduc- 
tion in weight of spleen and thymus of ex- 
perimental animals. Reduction in weight of 
the thymus is statistically significant (P = 
0.05 or less) for both sexes in both species. 
For the spleen this decrease is statistically sig- 
nificant in female rats and in male mice 144 
hours after irradiation. Similar reductions in 
weights of spleens of mice at 8 days following 
575 r total body irradiation have been re- 
ported(11). The present study shows this 
change even after a shorter time interval and 
much smaller roentgen dose. On the other 
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TABLE I 


r) and Nonirradiated Wistar Rats and CAF,/Jax Mice. 


. Weights of Liver, Spleen and Thymus, and Total Body Weights of Irradiated (150 


Total body 
(3) 


Liver (mg) 


Spleen (ng) 


Thymus (mg) 


Wistar rats 


Range (nonirrad.) 115-145 


Avg* 134 
Range (48 hr post irrad.) 100-145 
Avet 126 
Probability+ Bee IE! 
Mean diff. + stand. dev. G0) se 9) 


CAF,/Jax mice 

Range (nonirrad. ) 19.0—22.0 
Ave* 20.1 
Range (48 hr post irrad.) 18.5=21.5 
Avg* 19.8 
Probabilityt Be) eo Bes AY) 
Mean diff. + stand. dey. ssyeies IAG) 
Range (144 hr postirrad.) 19.0-21.5 
Avg* 20.0 
Probability ¢ Sy 
Mean diff. + stand. dev. 34+1.4 


Wistar rats 


Range (nonirrad.) 115-166 


Avg* 131 
Range (48 hr post irrad.) 105-165 
Avet 134 
Probability t oie oem) 
Mean diff. + stand. dey. S30) Se Uso) 
CAF,/Jax mice 

Range (nonirrad.) 16.5—20.0 
Avg* Sei 
Range (48 hr post irrad.) 16,0—20.0 


Avg* 18.5 


Probabilityt f Soya Bee AY) 
Mean diff. + stand. dev. yas 1.33 
Range (144 hr postirrad.) 14.5-17.0 
Avg* 16.0 
Probability+ ol Re IPS) 


Mean diff. + stand. dev. Piel aie Nes 


% Avg value from 6 animals. 


” ” 7 
t 


Mates 
4496.2—7282.8 411.2-1133.6 375.9-513.5 
5780.8 772.2 437.2 
4093.8-6866.4 239.2-1009.2 143.3-265.3 
DO 9oMh 549.0 212. 8 
8 A) 


223.2 + 163.4 


1154.5-1372.5 89.6-181.8 34.1-45.4 
1284.2 133.9 39.3 
1172.9-1401.2 49,.5-76.1 16.9-21.5 
1294.1 63.7 19.0 
9) Oy << IP eal 00K = Pee On 
9.2 + 273.9 70.2 + 27.7 20.0 + 3.4 
1202.7-1368.0 50.2-59.2 18.1—27.0 
1289.6 54.2 ONS 
>.9 02 <r <5 OP 02 
5.4 + 214.7 19.7 = 26.8 17.8 + 4.2 
Females 
4155.0-8269.2 440.8-1408.0 284.5-660.0 
6108.0 918.1 486.5 
4700.0—8042.2 262.0-404.7 131.0-—234.4 
6035.7 330.9 198.8 
9 =.01 <.001 


587.2 + 178.0 


287.7 + 97.3 


955.6-1158.3 81.7-191.7 31124797 
1061.9 141.5 40.6 
969.6-1186.3 69.6-98.4 17.6-24.6 
1102.9 85.3 21.9 
SP 9 1eP<2 02 SP 205 
41.0 + 163.1 56.0 + 30.9 1877552 
1004.8-1082.3 82.9-90.4 20.8-25.0 
1050.8 87.2 22.8 
>.9 Al < P < 2 =.05 
9.1 + 56.6 54.3 + 32.2 17.8 + 6.3 


male and 5 female animals. 


$ Based on null heathen’ for true difference between experimental (irradiated) and con- 


trol (nonirradiated) groups’ values, 


hand, total body weight and liver weight are 


not affected by 150 r irradiation. 


less than 3% of administered dose. 


In those 


Results of complete radioactivity distribu- 
tion studies 6 hours following intravenous in- 
jection of fluorene - 2,7 - di-(sulfonamido-2- 
naphthalene)-S®** are presented in Table II 
for rats and Table III for mice. Both con- 
centration, expressed as »g compound/g tis- 
sue or ml blood or urine, and per cent of ad- 
ministered dose recovered are given. For both 
species large amounts of the radioactive com- 
pound are found in the gastrointestinal tract. 
The amount eliminated at 6 hours is always 


rats where urine and feces were collected sepa- 
rately no difference in rate of elimination is 
found between experimental and control ani- 
mals. 

In all cases concentration of compound in 
blood plasma is greater than in blood cells. 
Differences in concentration of radioactivity 
in blood between irradiated and control ani- 
mals might serve as the basis. for early detec- 
tion of radiation damage. The concentration 
data for blood cells and blood plasma, there- 
fore, were analyzed statistically. No statis- 
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tically significant difference is found in con- blood plasma of irradiated rats as compared 
centration of radioactivity in blood cells or to non-irradiated rats. This is true for both 


TABLE II. Distribution of Radioactivity 6 Hours Following Intravenous Injection of Fluo- 
rene-2,7-di-(sulfonamido-2-naphthalene)-S* to Wistar Rats Exposed to 150 r 48 Hours Pre- 
viously. 


SSS Eee eee 


cr 


\ 


$ 5) a 2 
Control* Exp.t Controlt Exp.t 


Tissue us/g Yo ug/g = % ug/g Io ug/g  % 
Blood eells$ a 158 7 181 12 383 7 237 
” plasma§ 9 432 14 506 19 686 15 543 
Liver 126 5.991 163 6.871 251 11.329 221 10.442 
Lung 163 1.385 255 1.575 310 2.439 255 1.641 
Spleen 43 279 56 176 79) 443 81 .210 
Kidney 65 694 97 948 114 1.268 122 1.147 
Thymus 36 133 59 093 36 142 53 091 
Skin 81 18.239 103 21.787 84 18.327 101 22.140 
Leg muscle 39 .240 49 242 45 274 43 277 
Stomach + contents 18 316 33 509 33 1.017 76 IOS 
Small intestine + Contents 353 20.407 a0) 928.937 487 22.059 436 16.190 
Large 4 + a 748 334.773 729 27.918 432 16.822 532 23.803 
Carcass 44 23.365 54 25.840 54 26.113 56 29.086 
Exereta 239]| 231 245|| 1.196 4044 1.704 183|| .909 
Urine$ 609 40** 55** 30"* 
Feces 109 IQ Oise IO" 
Total 107.643 111.774 103.006 107.747 
* Avg value from 7 rats. +t Avg value from 6 rats. { Avg value from 5 rats. 
§ Cone. in yg compound/ml; others expressed in wg compound/g tissue. || Avg value from 
4 rats. 4 Avg value from 3 rats. ** Avg value from 2 rats. 


TABLE III. Distribution of Radioactivity 6 Hours Following Intravenous Injection of Fluo- 
rene-2,7-di-(sulfonamido-2-naphthalene)-S® to CAF,/Jax Mice Exposed to 150 r 48 or 144 Hours 


Previously. 
ere > rc Om —\ 
Control ¥ Exp. — Control Exp. 
48 hr 144 hr 48 hr 144 hr 
ug/g To ug/g Jo we/g % ug/g Yo ug/Z Jo ug/g Yo 
Blood eellst 100 41.42 49t .68 66§ .92 96 1.24 OO eel, 77 87 
Blood 101 1.42 69 96 101 1.41 WA alae 126 =61.63 126 1.42 
plasmat 
Liver 537 (15.22 4A enon See OL ieelo.0T Bye S323 764 18.38 574 13.44 
Lung D2 3.07 ToL i, S236 2308.) Ware. V4.2 1475 3.91 1095 2.49 
Spleen Saye OOo) 258 so oil 36 311 87 389 el 349 68 
Kidney 420 3.46 Boy iss FOX) ZO) 418 2.43 429 2.68 389 2.04 
Thymus 172 15 233 OMe 2r, sila: 157 13 325 15 275 14 
Skin Bien. Pale 389 32.78 346 32.10 378 30.31 406 29.97 430 30.04 
Leg muscle 159 De 98 28 129 42 132 36 169 59 116 35 
Stomach + 202 1.47 299° 1.51 265 1.49 raayey — dlpgaie} Pees alate TSS eee 
contents 
Smallintes- 705 18.66 413 10.40 394 9.84 366 8.40 407 10.06 343 7.70 
tine + 
contents 
Largeintes- 337 6.51 1179 21.84 910 16.37 660 9.90 883 15.16 840 13.12, 
tine + 
contents : 
Carcass 181 40.06 166 39.57 174 42.67 162 30.86 197 36:36 184 33.20 
Excreta 124 1.38 60 67 130 1.45 245 ~ 2.72 23). 2.57 250. 2.78 
Total 121.62 126.52 128.26 107.62 124.73 109738 ~ 
* Each value is avg from 6 animals. + Cone. in wg compound/ml; others expressed in pg 


compound/g tissue. 7 Pez 001. ) IP 0 
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RADIATION EFFECT ON SULFONAMIDE DISTRIBUTION 


TABLE IV. Comparisons of Concentrations of Radioactivity in Liver, Spleen and Thymus of 
Irradiated (150 r) and Nonirradiated Wistar Rats and CAF,/Jax Mice 6 Hours Following In- 
travenous Injection of Fluorene-2,7-di-(sulfonamido-2-naphthalene)-S*. 


Concentration in ug compound/g tissue 


) 
Spleen 


Liver 


Wistar rats (48 hr post irrad.) 


avg cont.* 
Ratio ( St ott 
avg exp.t 


Probability+ = 4 = 5 
Mean diff. + stand. dev. 37 + 42 13 + 19 
CAF,/Jax mice (48 hr post 
irrad.) 
avg cont.* 
Ratio ( — ) ea 1.38 
avg exp.” 
Probabilityt wel PS IN IY 
Mean diff. + stand. dev. 92 + 42 99 + 57 
CAF,/Jax mice (144 hr post 
irrad.) 
avg cont.* 
Ratio ( — — 1.02 1.19 
avg exp.* 
Probability? Via aCe od: 
Mean diff. + stand. dey. 10 + 48 56 + 57 


»y 2 @ a 
Thymus Liver Spleen Thymus 
61 1.14 .98 68 
A = 7 9 = 23 
23 + 16 30 + 78 PS Os WEA ates 16) 
74 75 80 48 
ax .02 2cP<.3 05<P<.1 05<P<.1 
Gills 117 193 +149 78+105 168+ 65 
76 i) .89 OT 
LO Sale ey IK eats) AUS KI II 
5d + 22 3 + 100 38 + 80 118 + 43 


* Avg value from 6 animals. 


+ Avg value from 7 male and 5 female animals. 


¢ Based on null hypothesis for true difference between experimental (irradiated) and control 


(nonirradiated) groups’ values. 


males and females. A significant decrease in 
ability of blood cells to localize the radioac- 
tive compound is observed in male mice both 
48 and 144 hours following irradiation (P = 
0.001 at 48 hours and P = 0.01 at 144 hours). 
Female mice do not show a significant differ- 
ence in concentration of radioactivity in blood 
cells following irradiation with 150 r. 

Since previous experiments(1,2,3) compar- 
ing tumor-bearing to tumor-free animals re- 
vealed a difference in uptake of fluorene-2,7- 
di-(sulfonamido-2-naphthalene)-S*° by liver 
and spleen, concentrations for these organs 
from irradiated and nonirradiated animals 
were compared and analyzed statistically. 
These data are presented in Table IV. Be- 
cause irradiation produced a significant de- 
crease in weight of the thymus, concentration 
ratios and statistics for this organ were also 
included. Unlike the presence of a tumor, ir- 
radiation of 150 r did not affect the uptake of 
fluorene-2 ,7-di-(sulfonamido-2-naphthalene) - 
S®° by the liver and spleen. This is shown by 
the fact that in no case was the P value equal 


to or less than 0.05. Since autoradiograms(1) 
have indicated that this S?° compound is de- 
posited in those cells that have been described 
by Dunn(4,5) as units of the phagocytic re- 
ticulum, it appears that presence of a tumor 
in the animal body affects the phagocytic 
function of the reticuloendothelial system. On 
the other hand, total body irradiation of 150 r 
does not produce this effect. This is in keep- 
ing with the findings of Barrow et al.(12) that 
in untreated rabbits and in those receiving 
500 and 800 r total body irradiation, uptake 
of colloidal gold by the reticulo-endothelial 
system was not significantly different when 
followed up to 30 days. 

In one group (male CAF; mice 48 hours 
after irradiation) a statistically significant dif- 
ference (P = 0.02) in uptake of radioactivity 
is noted for the thymus as compared to con- 
trol animals. The difference represents an in- 
crease in ability of the thymus of irradiated 
mice to localize fluorene-2,7-di-(sulfonamido- 
2-naphthalene) -S®°. 

In conclusion, in Wistar rats and CAF, 
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mice, whole-body irradiation of 150 r, unlike 
the presence of a tumor, does not cause a de- 
creased localization of fluorene-2,7-di-(sulfo- 
namido-2-naphthalene)-S*” in the liver and 
spleen. Where a significant difference in the 
localization of this radioactive compound be- 
tween irradiated and nonirradiated animals is 
noted (blood cells and thymus), it is found 
only for male mice. 

Summary. 1. Male and female Wistar rats 
and CAF,/Jax mice show a reduction in 
weight of thymus and spleen 48 hours follow- 
ing whole-body irradiation of 150 r. 2. Un- 
like presence of a tumor in animal body, this 
irradiation dose does not affect uptake of 
fluorene-2,7-di-(sulfonamido-2-naphthalene) - 
S*° by liver and spleen. 3. Significantly dif- 
ferent localization of the S*°-labeled com- 
pound is found in blood cells and thymus of 
irradiated as compared to nonirradiated male 
mice. 
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Frequency of Spontaneous Fragmentation of Ova In Unbred Gilts. 
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Dept. of Animal Science, University of Illinois, Urbana 


Attempts. to induce cleavage of unfertilized 
mammalian ova by physical or chemical 
means indicated that segmentation or frag- 
mentation can be induced in a high proportion 
of ova of most species(1). Pincus(2) re- 
viewed the subject of activation of unfertilized 
ova and Beatty(3) reviewed work on certain 
spontaneous abnormalities of ova. Evidence 
has recently been presented indicating a high 
rate of spontaneous activation in hamster ova 
(4). The occurrence of fragmented ova in un- 
bred gilts has been noted by Spalding e¢ al. 
(5), Hancock(6) and others but no data have 
been presented on the relationship between 
post-ovulatory age of ova and the proportion 
of ova that were fragmented, nor on frequency 
and extent of fragmentation. 

Materials and methods. This study was 
made on a group of 31 uniform, unbred gilts 
killed at various intervals after first or second 


postpuberal estrus. Estrus was detected by 
observing behavior of the gilts, and in some 
cases by observing willingness to “stand” for 
a teaser boar. Duration of estrus in gilts is 
24-48 hours and ovulation normally occurs 
30-40 hours after onset of estrus. The ova re- 
main in the oviduct 3 and occasionally 4 days 
after ovulation. Following slaughter each ovi- 
duct and uterine horn was flushed separately 
with physiological saline solution. The per- 
fusate was examined for the presence of ova 
with a stereoscopic binocular microscope. Ova 
were isolated and further examination was 
made under higher magnification. 

Results. Assuming that the number of 
ovulation points should equal the number of 
eggs shed, 71% of ova were recovered. An 
average of 14.7 ovulation points were found/ 
gilt. 

Only one ovum of 93 recovered from ovi- 
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TABLE I. Recovery Site and Frequency of Frag- 
mented Ova in Unbred Gilts. 


Estrus to ———— No. of ova— 
slaughter No.of | Recoy- Ovi- In Frag- 
(days) gilts ered duet wtero mented 

2 4 41 41 0 il 

3 1 9 9 0 0 

4 6 62 30 32 23 

5 6 79 13 66 46 

6 4 45 0 45 39 

7 7 65 0 65 57 

8 ] 12 0 12 12 

10 2 10 0 10 10 

Total 323 93 230 188 


ducts was fragmented. In contrast, 80% of 
230 ova recovered from uterine horns were 
undergoing an orderly degenerative fragmen- 
tation (Table I). The proportion of frag- 
menting ova is positively correlated with post- 
ovulatory age of ova and it appears that most 
unfertilized swine ova eventually fragment. 
Non-fragmented ova recovered 6 or more 
days post-estrus were usually cytolyzed. This 
indicates that at least some ova may degen- 
erate completely without fragmenting. 
Fragmented ova usually contained 2-16 
fragments and sometimes more (Fig. 1). Ova 
containing 8-16 fragments of equal size often 
strikingly resembled normally-cleaving fer- 
tilized ova. In many cases ova recovered at 


FIG. 1. Fragmented ova recovered from uterus of 
an unbred gilt 5 days after estrus. 


8 and 10 days after estrus resembled shrunken 
blastocysts. 

A study of unfertilized pig ova is different 
from studies on ova of species with compara- 
tively short estrous cycles, in that it is pos- 
sible to recover unfertilized ova a longer time 
after ovulation without interference of subse- 
quent estrus and ovulation. This may ac- 
count for part of the higher rate of spontane- 
ous fragmentation observed in pig ova as 
compared to ova of most animals with shorter 
estrous cycles(4). Normal mechanisms for 
degeneration of unfertilized ova which are in- 
herent in the species may also be responsible 
for the high fragmentation rate in pig ova. 

Because spontaneously fragmented ova, 
which in some instances resemble normally 
cleaved ova, are found in a large proportion 
of gilts and constitute a high proportion of re- 
covered ova, special caution is needed in eval- 
uating ova following im vitro manipulations or 
ova recovered from females following a pre- 
sumably fertile mating. 

Summary. Unfertilized ova were recovered 
from the reproductive tracts of 31 gilts, 2-10 
days after estrus. Examination of the ova 
revealed that 80% of ova recovered from 
uterine horns were fragmented. The propor- 
tion of fragmented ova increased directly with 
post-ovulatory age of the ova. 
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(Introduced by Maurice B. Visscher) 
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Because Gram-negative bacterial endotoxin 
has been shown(1) to produce portal pressure 
elevation and intestinal mucosal hemorrhage 
and edema in dogs, it seemed desirable to 
measure rate of flow of lymph from the intes- 
tine in order to throw additional light on the 
mechanism of endotoxin shock. 

Method. Sixteen adult mongrel dogs of 
from 9 to 24 kg weight were fasted for a pe- 
riod of 18 to 24 hours, then anesthetized with 
Nembutal administered intravenously. Endo- 
toxin was injected intravenously either before 
or after investigation of partial occlusion of 
the portal vein. Twenty-one experiments in 
which pressure in the portal vein was elevated 
by obstruction were performed on 13 dogs. In 
11 of these animals, endotoxin was subse- 
quently injected. Systemic arterial pressure 
(carotid) and portal venous pressure were re- 
corded using the method described by Haddy 
(2) in which the splenic vein was cannulated 
following splenectomy. A loop of upper ileum 
12 to 46 cm in length was isolated and its 
lymph vessels were tied off near the central 
lymph gland, similar to the approach used by 
Renyi-Vamos(3). About one-half hour later 
the lymph vessels were distended and could be 
cannulated according to the method of Lee 
(4). A single lymph vessel was cannulated 
and lymph collected from this vessel and its 
collateral connections. The same cannula (28 
gauge needle stud with a short polyethylene 
tube) was used throughout all experiments in 
order to keep resistance to outflow constant. 
Lymph flow was measured as mm? per hour 
from the tip of the cannula. The average drop 
was measured to be 18.4 mm*®. Mechanical 
elevation of pressure in the portal vein was 
accomplished by one of two methods after a 
portion of the portal vein about 4-5 cm below 


* The endotoxin used was generously supplied 
through the courtesy of Dr. W. W. Spink, Dept. of 
Internal Med., Univ. of Minn. Med. School. 

+ Postdoctorate Research Fellow of Nat. Inst. of 
Dental Research. 


the liver was freed from all surrounding tissue. 
Either a screw-clamp fitted with an extension 
or a long ligature of umbilical tape was placed 
around the portal vein. The ligature was then 
passed through a plastic tube, and partial oc- 
clusion was achieved by depressing the tube 
against the vein, similar to the method de- 
scribed by Selkurt and Alexander(5). The 
clamp or ligature was placed downstream from 
the tip of the cannula monitoring the portal 
venous pressure. The results of elevating the 
portal vein pressure were the same with both 
methods. 

Results. Since pressure in the portal vein 
usually becomes elevated for about 10 min- 
utes following administration of endotoxin, it 
seemed desirable to apply equal or greater 
pressures mechanically for the same period. 
Time average values were calculated for all 
parameters measured during this period under 
both circumstances. Time averages of the 
pressure data were also computed at specific 
intervals for 30 minutes following the onset 
of each experimental condition (Fig. 4). Ave- 
rage control lymph flow rates were 1.53 mm?/ 
min for the obstructive portal venous pressure 
study and 1.50 mm?/min for the endotoxin in- 
vestigation. Mean lymph flow rates were cal- 
culated at various times after conditions were 
changed. Times of maximal lymph flow and 
time to first drop of lymph following injection 
of endotoxin or elevation of venous pressure 
were noted. Fractions of a drop on the can- 
nula tip at time of change in experimental 
conditions were removed. The results are 
presented in Figs. 1 to 4. 

In Fig. 1 the average percentage change in 
lymph flow was calculated in each experiment 
and plotted as a function of average portal 
vein pressure. The method of least squares 
was used to determine the best fitting line 
from the observations made during portal vein 
obstruction. The correlation coefficient in 
this case was +-0.76 (p<0.001). For the en- 
dotoxin effect r = +0.16 (p>0.56) and the 
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FIG. 1. Relation between percent change in lymph flow and portal vein pressure. 


FIG. 2. 
function of portal vein pressure (PVP). 


Percent change in lymph flow (LF)/mm rise of pressure in portal vein (PV) as a 


FIG. 3. Percent change in lymph flow (LF) vs change in carotid blood pressure (CBP). 
FIG. 4. Composite graph of pressure tracings under obstructive elevation of portal vein 
pressure (PVP) and effect of 1 mg/kg (i.v.) #. coli endotoxin upon portal vein and carotid ar- 


tery pressures (CAP). 


lymph flow increase was therefore not signifi- 
cantly related to the magnitude of the portal 
pressure. 

In Fig. 2 average percentage change in 
lymph flow/mm rise of portal venous pressure 
was calculated in each experiment and plotted 
as a function of average portal vein pressure. 
The correlation coefficient in this case was 
+0.76 (p<0.001). For the endotoxin effect 
Ee 2 O50) 

When the percentage change in lymph flow 
is related to the change in arterial pressure 
(Fig. 3), there appears to be some correlation 
after endotoxin between fall in arterial pres- 
sure and lymph flow rate, but not in the case 
of portal vein obstruction. 

In Fig. 4 average pressure changes are com- 
pared in the two studies. Average initial pres- 
sure in the portal vein was 9.2 mm Hg, in the 


occlusion studies and 9.7 mm Hg in the endo- 
toxin experiments. Average portal vein pres- 
sure rise during the 10 minutes of mechanical 
elevation was 16.7 mm Hg while with endo- 
toxin injection it was 6.8 mm Hg. Neverthe- 
less the lymph flow increased 389% after en- 
dotoxin injection and only 249% after ob- 
structive elevation on the average in these 
experiments. 

Discussion. Aust and others(6) found a 
significant sequestration of plasma albumen 
labeled with I'*" in the intestine of the dog, 
5-7 minutes after administration of E£. coli en- 
dotoxin. According to Heidenhain(7) and 
Starling(8) ligation of the portal vein, which 
produces an increase in pressure in the capil- 
laries of the small intestines, resulted in an in- 
crease in lymph flow from the intestines. In 
our findings there appears to be a linear rela- 


onal 
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tion between mean portal vein pressure and 
the change in lymph flow after partial occlu- 
sion of the portal vein (Fig. 1). However, 
there is not a similar correlation between the 
increased venous pressure and the change in 
lymph flow produced after administration of 
endotoxin. Our data indicate that intestinal 
lymph flow per unit rise in portal venous pres- 
sure increases as the absolute magnitude of 
the portal pressure by obstructive elevation 
becomes larger (Fig. 2). This indicates that 
lymph flow rate is probably not a simple linear 
function of the ultrafiltration rate, assuming 
that filtration area and permeability constants 
do not change. This finding does not neces- 
sarily conflict with the conclusion of Pappen- 
heimer and Soto-Rivera(9) that tissue fluid 
filtration rate is a linear function of pressure 
above colloid osmotic pressure because lymph 
flow rate depends upon rate of reabsorption 
as well as upon rates of ultrafiltration of tis- 
sue fluid. Fig. 2 also shows that the correla- 
tion between the parameters studied exists for 
the obstructive elevation experiments but not 
in the case of endotoxin. Factors other than 
the elevated portal venous pressure appear to 
be responsible in major part for the increase 
in lymph flow after endotoxin. 

When the weight of a loop of small intes- 
tine was measured in another study(10) under 
the same experimental conditions, the aver- 
age percent change in weight/mm rise in por- 
tal vein pressure was found to be 0.27 for 
obstructive elevation and 0.95 after endotoxin. 
This finding also indicates that in their action 
upon the intestine there are different mechan- 
isms for the effects of simple obstructive por- 
tal pressure elevation and those of endotoxin 
administration. 

It has been suggested that histamine may 
possibly play a role in the physiological dis- 
turbances produced by endotoxin(11). Ras- 
kova and Vanecek felt that they had proved 
that Shigella shigae endotoxin liberated hista- 
mine from the tissues(12). It seems likely 
that some chemical effect of endotoxin, per- 
haps histamine liberation, is acting on struc- 


tures other than those causing portal vein 
pressure elevation, evoking the great increase 
in rate of lymph flow. 

Summary. 1. There is a marked increase 
in intestinal lymph flow of the dog following 
injection of £. coli endotoxin, and also after 
partial obstruction of the portal vein. 2. The 
magnitude of the rise in lymph flow after en- 
dotoxin is not significantly correlated with the 
rise in portal venous pressure. But there is a 
highly significant correlation between the ab- 
solute portal venous pressure level during ob- 
structive elevation and the percentage change 
in lymph flow. There is a similarly significant 
correlation between the percentage change in 
lymph flow per unit rise in portal pressure and 
the absolute level of portal vein pressure. 3. 
The increased lymph flow after injection of 
endotoxin can not be accounted for on the 
basis of the elevation in portal venous pres- 
sure but perhaps is due to the action of sub- 
stances liberated by some chemical effect of 
endotoxin which influence lymph flow through 
some mechanism other than one acting 
through rise in portal venous pressure. 
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Differential and Specific Inhibition of ECHO Viruses by Plant Extracts.* 
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NorMAND R. GouLET,t KENNETH W. CoCHRAN AND GorDON C. BROWN 
Dept. of Epidemiology and Virus Laboratory, School of Public Health, Univ. of Michigan, 
Ann Arbor 


Although recent reviews(1-5) present many 
examples of inhibition of virus growth in par- 
ticular complexes of host cell and virus, the 
chemotherapy of virus diseases remains a 
special problem. In this connection Baw- 
den(3) observed that ‘‘a high degree of speci- 
ficity, comparable with that possessed by vi- 
ruses themselves, will be required from a sub- 
stance that it should prevent the production 
of one kind of nucleoprotein while not inter- 
fering with others sufficiently to damage the 
synthetic mechanism of the host irreparably.” 
That such specificity can be achieved was 
demonstrated in the present investigation 
through the use of plant extracts, some of 
which were found active against poliovirus in 
mice(6). Through the use of several ECHO 
viruses and plant extracts in tissue cultures of 
monkey kidney cells cytotoxicity of a suscep- 
tible virus was inhibited not only without 
damage to the host cell but also with preserva- 
tion of the potentiality for responding to’ sev- 
eral other viruses. 

Materials and methods. Monkey kidney 
cell cultures. Procedures for growth and 
maintenance of cultures were essentially simi- 
lar to those reported by Youngner (7,8), modi- 
fied by use of lactalbumin medium introduced 
by Melnick(9), and further modified by sub- 
stitution of calf serum for horse serum. Buf- 
fering of medium was accomplished by rein- 
forcement of bicarbonate and phosphate with 
0.01M “Tris” (trishydroxymethylaminome- 
thane.) Penicillin (100 units/ml), strepto- 
mycin (0.1 mg/ml) and mycostatin (100 
units/ml) were incorporated into all cultures. 
Viruses. Thirteen Enteric Cytopathogenic 
Human Orphan (ECHO) viruses were em- 
ployed, ECHO-1 through -9, and -11 


* This investigation was aided by grant from Na- 
tional Fn. and done in partial fulfillment of require- 
ments for Ph.D. degree by senior author. 

+ Present address: Merck Sharp & Dohme, West 
Point, Pa. 


through —14. These viruses were originally 
obtained from Dr. J. L. Melnick, Baylor Uni- 
versity. Other viruses used included polio- 
virus type 1, Mahoney strain; Coxsackie B-1, 
Conn.—5 strain; and vaccinia, Michigan Dept. 
of Health. Virus was estimated by determin- 
ing limiting dilution which could initiate infec- 
tion in 50% of cultures inoculated. The 50% 
endpoints were calculated by the method of 
Reed and Muench(10). Virus inocula rang- 
ing 32 to 320 tissue culture 50% infectious 
doses (TCID;0) were employed in all tests, 
unless otherwise specified. | Hyperimmune 
anti-ECHO serum was obtained by ‘extensive 
intravenous and subcutaneous inoculation of 
young rabbits using high titered monkey kid- 
ney tissue culture antigens. Antiviral extracts. 
A number of crude and semi-purified extracts 
from Calvatia gigantea, and other mushrooms 
and plants, some of which possessed anti- 
tumor activity(11,12), were prepared? as 
listed in Table I. Extracts were assayed for 
toxicity prior to use in virus inhibitory studies. 
Certain gross cytological changes, such as dis- 
tortion, pyknosis, swelling or sloughing, were 
the conditions associated with toxicity to the 
cultures. Only non-toxic dilutions were em- 
ployed in the virus inhibitory studies. Except 
where stated, all cultures were routinely pre- 
treated with extracts for 24 hours at 37°C 
prior to infection with virus. Antiviral activ- 
ity was evaluated on the basis of delay, de- 
crease, or prevention of characteristic virus- 
induced cytopathology when treated cultures 
were compared to appropriate controls. Ef- 
fectiveness of these substances was judged by 
a therapeutic index(13) calculated from the 
ratio of lowest non-toxic dilution of the sub- 
stance to maximum viral inhibitory dilution. 
For example, the therapeutic index of 28.8 for 
M2 vs. ECHO’s 4 and 11 is calculated from 

+ These extracts were prepared and furnished by 
the late Dr. E. H. Lucas, Dept. of Horticulture, Mich. 
State University. 
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TABLE I. 


16 


18 


Source and extraction 


Boletus edulis, fruiting body, chromato- 
graphi¢ fraction of ethanol precipitate 
Calvatia gigantea, #644, fruiting body, 
aqueous extract 
Calvatia gigantea, 
aqueous pH 6.0 
Calvatia gigantea, #644, fruiting superna- 
tant from ethanol precipitate 

Idem, #6438 
#673 

Rumex acetosa, 1:3 
leaves 

Hypericum sp., 1:3 
whole plant 

Eleocharis dulcis, 1:4 aqueous extract of 
corms 

Agaricus placomyces, 1:2 aqueous extract 
of ethanol-treated sporophore 

Calceolaria crenatiflora, 1:3 
tract of flowers 

Ribes hirtellum, 1:1 aqueous extract of eth- 
anol-treated fruit 

Coprinus micaceus, ethanol extract of sporo- 
phore 

Cattleya sp., ethanol extract of flower 

Cattleya sp., aqueous extract of residue 
from M14 

Calwatia gigantea, #642, filtrate of blended 
mycelia and culture broth , 

Polygonum persicara, 1:5 aqueous extract 
of inflorescence, boiled 


#644, fruiting body, 


aqueous extract of 


aqueous extract of 


aqueous ex- 


Extract toxic dilution 


the ratio of 1/100, the lowest non-toxic dilu- 
tion, to 1/2880, the maximum viral inhibitory 
dilution. 

Results. Antiviral effectiveness of plant 
extracts. Results of testing 17 plant extracts 
against 13 of ECHO viruses are given in 
Table II. Some extracts showed differential 
inhibitory activity to a marked degree against 
some ECHO viruses, and had potential sig- 
nificance. M2, an aqueous extract of the fruit- 
ing body of a strain of Calvatia gigantea, the 
giant puffball, displayed significant activity 
against only ECHO 4, 9, and 11 at concentra- 
tions of 1:2880, 1:1200, and 1:2880 respec- 
tively. M4, an aqueous extract of the resi- 
due remaining from ethanol precipitation of 
the same species exhibited activity at concen- 
trations of 1:960 and 1:1920 against ECHO 7 
and 8 respectively. M14, prepared by ethanol 
extraction of the flowers of a species of Catt- 
leya, exhibited activity at a concentration of 
1:480 against ECHO 2. Other extracts were 
less effective when tested against other ECHO 
viruses. 


Activity of M2 vs. ECHO-4 and 11. In 
view of the outstanding antiviral effectiveness 
of M2 against ECHO viruses 4 and 11, it was 


TABLE II. Antiviral Activity of Plant Extracts vs ECHO Viruses.* 


Lowest non- 


Virus inhibited and therapeutic indext 


E-8 


Hy Aiea, 20) Wad fe 2 Ose) Fi-7, or 1-8, 16 Heo cd BN dnd 


M 1 1:80 E-12, 4 
aes 1:100 E-4, 28.8; E-7, 4; B-9, 12; H-11, 28.8; B-13, 6 
“3H 1:120 E-7, 2; E-9, 4; B-13, 4 
4 65 
i: B-12, 2; E-13, 2 
5 1:10 H-2; 2 
6 1:120 B-3, 3; H-7, 6; E-8, 6; B-12, 6 
Tt 1:100 None 
8 “ B-l, 2; E-12, 6 
9 :200 B-6, 3; E-12, 3 
10 1:100 E-1, 4; E-11, 6; E-12, 4 
cel ra B-1, 4; E-6, 2; E-9, 3 
12 z 4-908; 21852 
13 H-11, 3; not tested vs E-4, H-8, E-9, E-12, H-13 
14 1:10 B-2, 48; E-8, 4 
15 1:160 None 
16 e B-1, 2; E-4, 2; E-6, 2; E-7, 2; E-8, 2; H-12, 2; B-13, 4 
18 1:200 B-2, 3; E-9, 6; E-12, 4; 


E-13, 4; not tested vs H-1, E-3, E-5, H-6, E-7, 


* ECHO viruses tested 1-9, 11-13; E-14 tested with M2 and M3 only. 
t Susceptible virus followed by therapeutic index in italics, therapeutic index was calculated 


as lowest non-toxic dilution over maximum inhibiting dilution, 1.e. LOOM 2880 29" 
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TABLE III. Inhibition of ECHO Viruses 4 and 11 
by M-2 Extract under Varying Conditions of Treat- 
ment and of Strength of Virus Inoculum. 


aM vine Ox? VWalnee. Therapeutic index 

M-2 treatment TCID,,’s ECHO-4 ECHO-11 
24 hr before virus 10,000 14.4 
Idem 3,200 9.6 

2 1,000 28.8 28.8 

a 100 14.4 f2 
With virus 4 a 
1 hr after virus a 3.6 


of interest to explore its inhibitory activity 
more extensively by altering amount of virus 
and time of treatment. Antiviral activity of 
M2 varied depending on time of addition and 
potency of virus inoculum. These results are 
presented in Table III. Pretreatment of cul- 
tures with M-2 for 24 hours completely inhib- 
ited ECHO-4 virus up to and including 1000 
TCIDs;. Its effectiveness decreased against 
a challenge of 10,000 TCID5 9 even with 24 
hours pretreatment, and when added simul- 
taneously with virus. Further reduction in 
effect occurred if treatment was withheld for 
1 hour after infection of cultures with 100 
TCID;». Similar results were obtained with 
M4 against ECHO-11. The possibility that 
M2 might exert a direct action against free 
virus was investigated. One aliquot of ECHO 
4 was treated with M2 (final concentration, 
1:20) while 2 other aliquots each received 
equal volumes of normal maintenance solu- 
tion. One of the latter was stored at 4°C and 
the other 2 aliquots incubated at 37°C for 24 
hours. When the 3 samples were titrated for 
virus content, the titers were 10°, 10-°, 104° 
for the 4° control, 37° control, and M2 
treated samples, respectively. The same pro- 
cedure was followed for ECHO-11 virus and 
the titers obtained were 10+, and 10° re- 
spectively. No evidence of direct antiviral 
action was obtained. 

Specificity of antiviral activity. Since M2 
inhibited selectively the cytopathologic effect 
of considerable amounts of ECHO viruses 4 
and 11, we explored the specificity of this in- 
hibition. Sets of 6 cultures were pretreated 
with 1/120, 1/240, 1/480, or 1/960 dilutions 
of M2 for 24 hours at 37°C. The cultures were 
then divided into 5 groups. Three of the 
groups were exposed to 100 TCID;») of ECHO 
4 and 2 groups were exposed to 100 TCID5o 


of ECHO 11. Forty-eight hours later and 24 
hours prior to appearance of complete cyto- 
pathology in virus control cultures, the fluids 
were removed, the cultures washed once, and 
fresh drug added to all treated cultures. At 
this time large doses of either ECHO—4 
(10,000 TCID; ), ECHO-11 (3,200 TCIDs50) 
or ECHO-1 (100,000 TCID;») were added to 
one of each group of cultures previously ex- 
posed to either ECHO 4 or 11 virus. Data 
are presented in Table IV. It can be seen 
from results with the drug control cultures in 
group 6 that all dilutions of M2 tested pro- 
tected the cultures against cytopathology 
from 100 TCID;9 of either ECHO 4 or 11 
viruses for at least 72 hours after initial virus 
exposure and for the 1/120 dilution for 120 
hours. There was also complete protection 
with stronger concentrations of M2 against 
re-exposure to those agents even when larger 
doses of ECHO 4 or 11 were employed 
(Groups 1, 2, 4, 5). When smaller quantities 
of M2 (1/480 and 1/960) were employed, 
cytopathology was prevented on the first ex- 
posure to virus, but not when larger doses of 
virus were added on re-exposure. In all these 
instances the virus which finally broke 
through the inhibitory mechanisms was recov- 
ered and typed, and was always the second 
virus. However, addition of ECHO-1 virus 
to cultures previously protected against type 
4, resulted in infection of all the cultures. 

An additional experiment was designed to 
complement above findings. M2 in 1/200 
dilution was used to treat cultures which were 
then exposed to 100 TCID;) of ECHO-11 
virus, and 48 hours later were re-exposed to 
0.1 ml of one of the following: 10°! dilution of 
ECHO 1 through 7, and 11, as well as polio- 
virus 1, Coxsackie B1, and vaccinia virus. 
The challenge doses varied from 100 to 
100,000 TCID;». In this experiment the fluids 
were not changed prior to second virus ex- 
posure. Cytopathology was prevented when 
cultures were re-exposed to ECHO 4 or 11, 
but was complete when cultures were second- 
arily exposed to a virus not affected by M2. 
(Table V). ; 

Antiviral activity of M2 in vivo. Demon- 
stration of activity against an ECHO virus in 
vivo is complicated by the lack of readily de- 
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TABLE IV. Inhibition of Cytopathology* of M-2 Treated Monkey Kidney Cultures after 


Cultures pre- 
treated 24 


2nd exposure, 


Double Virus Exposures. 


SS Ee 


Cytopathology 


Hr after Ist virus Type of 


‘ } Ist exposure Shr after Ist exposure ECHO virus 
Group No. hr with M-2 (100 TCIDs,) t Ci Ds. 72 96 120 recovered 
1 1/120 ECHO-4 ECHO-4 nd¢t 

1/240 “ (10,000 -= al 
1/480 2 a at Ee me 
1/9690 ve ao 4 
2 1/120 ECHO-11 nd 
1/240 ; (3200) nd 
1/480 2 = ats 11 
1/960 de + 11 
3 1/120 4 ECHO-1 + if 
1/240 ‘ (100,000) fi 1 
1/480 iy + a 
1/960 # a il 
4 1/120 ECHO-11 ECHO-4 nd 
1/240 : (10,000) a ie 4 
1/480 H —- + 4 
1/960 o +4 4 
5 1/120 x ECHO-11 nd 
1/240 3 (3200) nd 
1/480 fe = ae nd 
1/960 ap ata il 
6 1/120 ECHO-4 or -11 nd 
Drug control 1/240 v — — +. nd 
cultures 1/480 . — a nd 
1/960 se — + nd 
Virus controls . te nd 


* Designations (—) (+) represent protection and degeneration of cultures. 


+ Cultures washed once and fresh M-2 added with virus. 


tectable disease in most laboratory animals 

(9). However, reports that use of certain 

antiviral antibiotics altered the immune re- 

TABLE V. Cytopathology of M-2 Treated Monkey 
Kidney Cultures after Double Virus Exposures. 
Cytopathology t 


Ist exposure 2nd exposure Hr after Ist virus 


virus,* 100 virus, 0.1 ml exposure 
TCIDso of 10 72 96 120 

ECHO-11 ECHO-1 + 

” 9 + 

” 3 4 

” 4 

” 5 + 

” 6 4+ 

”? vf + 

i 11 t 

SY Polio + 

é Coxsackie + 

fs Vaccinia + 

a Untreated con- + 

trols 


* 24-hr pretreatment with M-2. 

+ Cytopathology indicated by — or + represent- 
ing protection or degeneration. 

¢ Evidence of occasional plaques. 


t+ Not done. 


sponse to an inoculated virus provided one 
approach to this problem(14,15). In _pre- 
liminary experiments, 3 intraperitoneal injec- 
tions of ECHO virus were sufficient to pro- 
duce detectable levels of serum antibodies in 
mice. Accordingly 3 inoculations of 0.5 ml 
of undiluted, infected tissue culture fluid were 
given to mice at weekly intervals, one group 
receiving ECHO-4 virus and the _ other 
ECHO-11. Certain mice were treated with 
0.01 ml/g of 4-fold diluted M2, which was 
given intraperitoneally the day before, the day 
of, and the day after inoculation of antigen. 
This triad of treatments was repeated with 
each injection of antigen, while other mice re- 
ceived only M2 and no antigen. At the end of 
4 weeks all mice were bled and their sera as- 
sayed for antibody content in a monkey kid- 
ney tissue culture neutralization test. The re- 
sults showed that M2 did inhibit formation of 
antibody since treated mice developed lower 
titers, 1:6 and 1:12 to ECHO viruses 4 and 
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11, respectively, than did mice inoculated only 
with virus, whose respective titers were 1:16 
and 1:64. Mice receiving only M2 developed 
no detectable antibodies. 

Discussion. It has been amply demon- 
strated that viruses respond differently to 
various chemicals(1-5). In the present in- 
vestigation a number of ECHO viruses were 
studied to determine the character of their re- 
sponses to chemical agents. Differential in- 
hibition with significant individual specificity 
against certain of these viruses was found in 
extracts from the mushroom Calvatia gigantea 
(M2 and M4) and from a species of Cattleya 
orchid (M14). In monkey kidney cell cul- 
tures M2 inhibited the cytotoxicity of both 
ECHO 4 and 11 without influencing the cyto- 
pathogenicity of several apparently related 
viruses. Since it was demonstrated that the 
maximum concentration of M2 employed had 
no pronounced, direct inactivating effect on 
these viruses, that possibility may be elimi- 
nated in explaining its antiviral activity. No 
direct evidence was obtained that these prepa- 
rations specifically inhibit virus multiplication 
but the available data do indicate that M2 
acts cellularly to inhibit the cytopathogenic 
effect of ECHO viruses 4 and 11 and that it 
does not block processes essential either to 
subsequent cytopathogenesis by other selected 
viruses or for maintenance of host cell vitality. 
Since both ECHO 4 and 11, individually or 
consecutively in the same culture, can be in- 
hibited by M2 one can also deduce that they 
share similar if not identical cytopathogenic 
processes. These results also indicate that 
among these presumably closely related en- 
teroviruses, reactions involved in the infec- 
tious processes of some are sufficiently dis- 
tinctive to reveal marked differences in their 
individual vulnerabilities to chemical agents. 

Summary. 1) Comparison of antiviral ac- 
tivity of several plant extracts against several 
ECHO viruses revealed that M2, prepared 
from a strain of Calvatia gigantea significantly 
inhibited only ECHO 4 and 11; while M4, a 
different preparation from the same strain, in- 
hibited only ECHO 7 and 8; and M14, from 
a species of Cattleya, inhibited ECHO 2. The 
effectiveness of M2 im vitro was greatest when 
the cells were pretreated and when the virus 
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inocula did not exceed 100 TCIDs9. 2) Speci- 
ficity of the antiviral action of M2 was dem- 
onstrated by inhibition of one M2-susceptible 
virus followed in the same culture by growth 
of a second M2-nonsusceptible virus. Inhibi- 
tion continued, however, if the cultures were 
reinoculated with a second M2-susceptible 
virus. 3) Activity of M2 was demonstrated in 
vivo by its ability to suppress the antigenicity 
of an M2-susceptible virus. 4) The results 
demonstrate strikingly the capacity of the ma- 
terials to prevent infection of susceptible cells 
by specific viruses although the cells retain 
their physiologic competence to support 
growth of other viruses and the virus is not 
directly affected by the inhibitory material. 
Obviously the effect must be directed to modi- 
fication of reactions essential to viral develop- 
ment but not injurious to functional integrity 
of the cell. 
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Previous investigations of the pharmacolo- 
gical activity of oxanamide* (Quiactin®) 
characterized it as a central nervous system 
depressant resembling short-acting barbitu- 
rates(1). Our animal studies suggest that ox- 
anamide should be classified with those agents 
which, pharmacologically, are considered in- 
ternuncial neuron blocking agents. 


Methods. ‘The effect of oxanamide on be- 
havioral changes and reflexes was studied in 
Swiss mice after oral and intraperitoneal ad- 
ministration. Dose-effect curves were pre- 
pared using 60 animals/experiment and the 
dose which inhibits the righting reflex for 
more than 10 minutes in 50% of the animals, 
the Paralytic Dose-50, was estimated. Ob- 
servations were made of gross behavioral pat- 
terns of unanesthetized cats after intravenous 
administration of oxanamide. The effect of 
oxanamide on muscle spasticity of decerebrate 
rigidity was observed in 5 decerebrate cats 
prepared by the method of Pollock and Davis 
(2). Muscle action potentials were recorded 
simultaneously from the triceps brachii. 
Monosynaptic and multisynaptic reflex arcs 
were studied in adult cats lightly anesthetized 
by intravenous administration of 70 mg/kg of 
chloralose. Polysynaptic reflexes were inves- 
tigated simultaneously at lumbar cord and 
bulbar levels of the central nervous system 
via flexor and linguomandibular reflexes. The 
linguomandibular reflex(3) was elicited by 
square-wave stimulation of the tongue, with 
stainless steel needle electrodes using 5 to 6 
volt pulses of 0.2 msec. duration at a fre- 
quency of 0.5/sec. The flexor reflex was 
elicited by stimulation of the central end of 
the cut posterior tibial nerve with pulses of 
0.2 msec. duration at a frequency of 0.5/sec. 
The patellar reflex was elicited by tapping the 
patellar tendon at a frequency of _1/sec. 
Movement of the mandible, contractions of 
anterior tibial muscle and the knee jerk were 
recorded by spring-loaded muscle levers on a 


* 2-ethyl-3-propylglycidamide. 


smoked drum kymograph. Compounds were 
administered intravenously into the exposed 
jugular vein. Because of prolonged duration 
of action of oxanamide, the results of only 
the first injection were used in preparation of 
dose-effect curves. To remain consistent in 
our comparison, only the first injection of 
mephenesin was used in analysis of its effect. 
Anticonvulsant activity was studied in elec- 
trically and chemically induced seizures in 
male Swiss mice. The maximal electroshock- 
seizure method described by Toman ez al.(4) 
and the electroshock apparatus designed by 
Woodbury and Davenport(S) were used. 
Seizures were induced by a current of 50mA 
for 0.2 second delivered through corneal elec- 
trodes. Abolition of the tonic extensor phase 
of seizures was measured as an anticonvulsant 
effect. In preliminary experiments the maxi- 
mal anticonvulsant effect of oxanamide oc- 
curred in 15 to 30 min. Dose-effect curves 
were prepared 20 min after intraperitoneal ad- 
ministration of oxanamide and the ED; 9’s de- 
termined from these. Pentylenetetrazol seiz- 
ures were induced in mice by rapid adminis- 
tration of 60 mg/kg into the tail vein. An im- 
mediate brief clonic seizure was followed by 
a tonic extensor component in 95 to 100% of 
the animals. Oxanamide was administered 
intraperitoneally and pentylenetetrazol was 
injected 20 minutes later. The EDs o’s of 
oxanamide against the clonic seizure, tonic 
extensor seizure, and mortality were deter- 
mined from dose-effect curves. Strychnine 
seizures were induced in mice by intraperi- 
toneal injection of 2.7 mg/kg of strychnine 
sulfate. This dose caused tonic seizures and 
death in 100% of control animals. Dose-ef- 
fect curves were prepared to determine the 
ED; 0’s of oxanamide against tonic seizure and 
lethal effect of strychnine. Oxanamide was 
given 20 minutes before strychnine. The ef- 
fect of oxanamide on conditioned avoidance 
response in rats was investigated by the 
method of Cook e¢ al.(6). In several of the 
above investigations similar experiments were 
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conducted with mephenesin for comparison, 
using the same time intervals. Warm satu- 
rated solutions of oxanamide and mephenesin 
were used for all intravenous injections. 
Aqueous suspensions in 5% gum acacia were 
used for intraperitoneal and oral routes. The 
method of Litchfield and Wilcoxon(7) was 
used for statistical analysis of results. 

Results. Central Nervous System Depres- 
sion. Oxanamide, administered to mice kept 
in individual cages, produced a decrease in 
spontaneous activity in doses above 50 mg/kg 
intraperitoneally or 100 mg/kg orally. Cen- 
tral nervous system depression gradually in- 
creased with higher doses until loss of right- 
ing reflex occurred. The PDs 9 (Paralytic 
Dose 50%) intraperitoneally was 259 mg/kg 
(19/20 Conf. Limits 242-277) and orally 430 
mg/kg (19/20 Conf. Limits 358-516). After 
a dose of 300 mg/kg intraperitoneally, paraly- 
sis occurred within 5 minutes, and average 
duration of loss of righting reflex was 40 min- 
utes. The pinna reflex was consistently more 
sensitive to depression by oxanamide than the 
corneal reflex. The pinna reflex was blocked 
by doses of 300 to 400 mg/kg intraperitone- 
ally, whereas 500 mg/kg or more were re- 
quired to block the corneal reflex completely. 
No signs of hyperactivity or excitability were 
observed during induction or recovery from 
the depressant effect. 

In experiments in which mice were caged 
in groups of 5, doses of 200 mg/kg intraperi- 
toneally or 300 mg/kg orally were required to 
produce significant depression of spontaneous 
activity. 

The acute LD; 9 (Lethal Dose 50%) in 
mice was 720 mg/kg intraperitoneally and 
1,220 mg/kg orally. 

Intravenous administration of 60 to 120 
mg/kg of oxanamide produced immediate 
paralysis in 6 cats. This effect disappeared in 
3 to 5 minutes. When righting reflex recov- 
ered, the animals were alert to external stimuli 
and would walk when encouraged; however, 
they remained relaxed and were content even 
when held in awkward positions. Patellar, 
pinna, corneal, and photic reflexes remained 
intact. Injection of 140 mg/kg produced some 
relaxation of the nictitating membrane in ad- 
dition to above symptoms. Higher doses were 
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not tested because of insolubility of the com- 
pound. 

In decerebrate cats, intravenous injection 
of 20 to 40 mg/kg of oxanamide completely 
abolished muscle spasticity. Concomitant re- 
duction in amplitude and frequency of muscle 
action potentials from the triceps brachii was 
observed. Onset of relaxation occurred im- 
mediately after injection. In 3 cases muscle 
spasticity did not return during 3-hour obser- 
vation. In one case, muscle rigidity recurred 
in 30 to 40 minutes after 30 mg/kg. 

Inhibition of Polysynaptic Reflexes. Ox- 
anamide attenuated the activity of reflexes 
evoked in polysynaptic pathways at doses 
which did not affect significantly monosynap- 
tic reflex arcs. Dose-effect curves were pre- 
pared and the PDso’s of the effect of oxana- 
mide on flexor and linguomandibular reflexes 
were calculated. Similar curves were pre- 
pared using mephenesin for comparison (Ta- 
ble I). With doses of 3 to 5 mg/kg, which 
did not cause obvious depression of reflex ac- 
tivity, oxanamide stabilized those prepara- 
tions in which activity was erratic or intermit- 
tently hyperactive. Inhibition of polysynap- 
tic reflexes occurred with larger doses. The 
flexor reflex was consistently more sensitive to 
the effects of oxanamide than the linguoman- 
dibular reflex. Doses which produced com- 
plete inhibition of these reflexes did not alter 
the patellar reflex. Both polysynaptic reflexes 
were equally sensitive to effects of mephene- 
sin. Attenuation of the polysynaptic reflexes 
by oxanamide or mephenesin could be antago- 
nized by increasing the stimulus strength. A 
2-fold increase in voltage usually restored re- 
flex activity to control levels. 

Anticonvulsant Activity of oxanamide was 
compared with mephenesin (Table II). Ox- 
anamide was more potent than mephenesin 
with respect to antagonism of pentylenetetra- 
zol-induced seizures. This was particularly 


TABLE I. Effect of Oxanamide and Mephenesin 
on Evoked Linguomandibular and Flexor Reflexes 


in the Cat. 
PDoo, mg/kg 
No. of (19/20 confidence limits) 
cats Flexor Linguomandibular 
Oxanamide 12 12 (6.4-22) 23 (12 -41) 
Mephenesin 10 12 (6.4-21) 11 ( 8.1-14) 


Pg 
ESTROGEN ON STEROID LEVELS 


TABLE II. Antagonism of the Convulsant and 
Lethal Effects of Electroshock, Pentylenetetrazol, 
and Strychnine by Oxanamide and Mephenesin in 


Mice. 
Oxanamide Mephenesin 
No.of EDs), INOz0f 5 HD). 
mice mg/kg mice mg/kg 
Electroshock 
Toni¢ seizure 40 125 40) 139 
(118-139) * (121-160) * 
Pentylenetetrazol 
Cloni¢ seizure 48 145 40 345 
(126-167) (315-378) 
Tonic seizure 56 116 56 140 
(106-127) (123-159) 
Death 56 102 56 123 
(90-117) (106-143 ) 
Strychnine 
Tonie seizure 40 445 48 > 550 
(390-507) 
Death 56 236 40 220 
(203-274) (274-374) 


* 19/20 confidence limits in parentheses. 


prominent for the clonic phase of the seizure. 
Oxanamide was also more potent in antago- 
nizing the convulsant and lethal effects of 
strychnine. The 2 compounds were equally 
effective and potent in protecting mice from 
electroshock-induced seizures. 

Conditioned Avoidance Response. In rats, 
oxanamide had no effect on the conditioned 
avoidance-escape response (CR) in doses 
which did not affect motor ability of the ani- 
mals. In groups of 12 rats/dose level 30, 100, 
and 300 mg/kg orally had no effect on the 
CR. After 500 mg/kg the CR was blocked in 
4 animals, and the unconditioned response 
(UR) blocked in one. However, 1,000 mg/ 
kg blocked both the CR and UR in 2 of 12 
rats in the group; therefore, this is not consid- 
ered a specific response. 


103 


Conclusion. Although the exact mechan- 
ism of action of oxanamide is not known, its 
spectrum of pharmacological activity indi- 
cates that it is similar to mephenesin and re- 
lated compounds. Central nervous system de- 
pression and muscle relaxation without prior 
hyperexcitability, attenuation of the pinna 
reflex before the corneal, and antagonism of 
the convulsant and lethal effects of strychnine 
are characteristic of mephenesin-like activity. 
Furthermore, the first 2 effects differentiate 
the activity of the centrally acting muscle re- 
laxants from that of barbiturates(8,9).  In- 
hibition of polysynaptic neuronal pathways by 
oxanamide as judged by its effect on the flexor 
and linguomandibular reflexes also character- 
izes it as a member of the muscle-relaxant 
group of drugs. 
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Effect of Estrogen on Steroid Levels in Plasma and Urine.*! (25426) 


W. L. HERRMANN, I. K. ScHINDI AND P. K. Bonpy 
Depts. of Obs.-Gyn. and Medicine, Yale School of Medicine 


Alteration of adrenal steroid metabolism by 
administration of estrogenic substances has 
received considerable attention. The conflict- 
ing results, chiefly in animals, have suggested 


* Presented at Endocrine Society, Atlantic City, 
N. J., June 4, 1959. 
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either direct interference with adrenal steroid 
synthesis, inhibition or stimulation of ACTH 
(11,12,4). That different parameters of adre- 
nal function, such as adrenal weight, plasma 
concentration and excretion of Porter-Silber 
material, 17 ketosteroids, etc., have been stud- 
ied in various animals and humans and that 
both synthetic and natural estrogens were 
used, may have led to these conflicting inter- 
pretations. Administration of comparatively 
large doses of estrogens appears to induce in- 
creased levels of plasma corticoids in the hu- 
man(13,12). However, most authors are hesi- 
tant to correlate this with increase in adrenal 
function. Differences in protein binding of hy- 
drocortisone and in rate of reduction of the 
molecule have been presented as more attrac- 
tive explanations(7,13,10). In agreement 
with this reasoning, it has been shown that to- 
tal daily production of hydrocortisone by the 
adrenal is decreased when estrogen is given 
(9). The present study investigated the ef- 
fect of approximately physiological levels of 
naturally occurring estrogenic material on 
adrenal steroid levels in plasma and urine, 
and also to determine ACTH responsiveness 
under such conditions. Through such experi- 
ment, more information could be gathered 
concerning the relation between ovarian and 
adrenal activity. 

Methods. The subjects were 9 apparently 
healthy individuals, in third decade of life, 6 
males and 3 females. Urine was collected 
during a 48-hour period and stored in deep 
freezer until processed. Intravenous ACTH 
(25 mg) was then administered from 9 to 2 
p.m. Blood samples were drawn immediately 
prior to and following ACTH. Another 24- 
hour urine pool was collected on day of ACTH 
infusion, starting at 9 a. m. Subjects were 
then given 5 mg of estrogen by mouth daily 
(Premarin 2.5 mg B.I.D.) for 5 days. Urine 
collections were started again on 3rd day of 
estrogen periods and on Sth day an ACTH 
test was carried out, as previously described. 
The entire experiment was therefore divided 
into 3 parts. Resting level and normal 
response to ACTH, resting level and _ re- 
sponse to estrogen, and response to estro- 
gen plus ACTH. The following determina- 
tions were carried out on urine: Pregnanetriol 
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(5) ketogenic steroids(8). 17-ketosteroids 
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FIG. 1. Response of plasma levels of hydrocorti- 
sone (4/100 ml of plasma) and urinary ketogenic 
steroids (mg/24 hr + §.D. of the mean) to ACTH, 
estrogen and ACTH plus estrogen. 

FIG. 2. Excretion of urinary Pregnanetriol (mg 
/24 hr) before and after ACTH, estrogen and 
ACTH plus estrogen. 
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FIG. 3. Excretion of urinary 17 ketosteroids (mg/24 hr + 8.D. of the mean) before and after 
ACTH, estrogen and ACTH plus estrogen. 


were fractionated following 6 glucuronidase 
hydrolysis (48 hours at pH 4.5), continuous 
extraction (at pH 1 and 2 normal for 5 days) 
and chromatography using alumina column 
with gradient elution system described by 
Lakshmanan and Lieberman(6). The binary 
mixtures appearing in the peaks of the C,)02 
compounds were analyzed by the method of 
Bitman(1). One or 2 peaks in each chroma- 
togram were submitted to infra-red analysis 
for further identification. Blood samples 
were tested immediately, by the method of 
Bondy and Abelson(3) for plasma hydrocor- 
tisone. 

Results. Hydrocortisone. Plasma levels of 
hydrocortisone bear some direct relation to 
adrenal activity. However, under certain 
physiological and _ pathological conditions, 
high values may be found in the absence of 
proven adrenal hyperactivity. It has also been 
suggested that patients who have a relative 


adrenal depression by other standards of 
adrenal evaluation may still be capable of 
maintaining a normal plasma level. Results 
in Fig. 1 must be considered within these 
limits. There was no significant difference in 
response to ACTH with or without estrogen. 
Resting levels did not appear to be different, 
following estrogen administration. 

Urinary Ketogenic Steroids. This method 
assesses urinary 17 OH-corticoids with the 
exception of 20-keto-21-methy] steroids. Al- 
though it is adequate for clinical purposes, the 
fact that quantitation is carried out on a crude 
extract makes it difficult to detect small 
changes in steroid excretion. This, and the 
relatively wide spread of normal values, ex- 
plains the fact that although the observed 
changes follow the trend of the other urinary 
steroids, no statistical significance could be 
attributed to the changes induced in this 
study. In general, a decreased resting level 
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was observed following estrogen administra- 
tion; response to ACTH and estrogen was less 
than respone to ACTH alone. 

Urinary Pregnanetriol. Pregnanetriol is 
the urinary excretion product of 17-hydroxy- 
progesterone, precursor of hydrocortisone and 
perhaps of some Cy) compounds. Its appear- 
ance in urine seems related to adrenal steroid 
synthesis, as shown by rise of excretion fol- 
lowing ACTH and subsequent fall following 
exogenous cortisone(2). In all subjects 
studied, excretion of the compound dimin- 
ished following estrogen administration. 
Adrenal stimulation with ACTH elicited a re- 
sponse of a magnitude comparable to that 
seen in untreated patients. The final level 
found after ACTH and estrogen was lower 
than after ACTH alone (Fig. 2). 

The urinary 17-ketosteroids were dehydro- 
isoandrosterone, androsterone, etiocholanolone 
and 11 oxy-17-ketosteroids. The latter were 
estimated from the late peaks in the chromato- 
grams, plus calculated amounts of Delta 9 
artifacts running with androsterone and etio- 
cholanolone. As in the case of urinary keto- 
genic steroids and pregnanetriol, estrogen low- 
ered resting levels of the 17 ketosteroids; and 
values after ACTH and estrogen were lower 
than those after ACTH alone (Fig. 3). 

Discussion. With the present experiment, 
estrogen did not significantly affect plasma 
levels of hydrocortisone, nor their response to 
ACTH infusions, while it significantly low- 
ered excretion of adrenal steroids. These re- 
sults are in some respects at variance with re- 
sults reported earlier. It should be noted that 
doses of estrogen we used were smaller than 
those used by other authors. Furthermore, 
the method used for determination of blood 
corticoids is more specific for plasma hydro- 
cortisone than those used by various workers. 

The changes observed in excretion of 17- 


ketosteroids and pregnanetriol may be ex- 
plained as results of direct interference with 
biosynthesis of these compounds or their pre- 
cursors by the administered estrogen. How- 
ever, in the presence of normal plasma levels 
for hydrocortisone, a retarded catabolism re- 
sulting in diminished excretion of all adrenal 
steroids appears as a more attractive explana- 
tion. More specifically, this could be caused 
by increased protein binding in plasma as 
shown to occur for hydrocortisone. Further 
studies on plasma levels of 17 ketosteroids 
under similar conditions are in progress. 


The authors express their gratitude to Fritze Peder- 
sen for competent technical assistance. 
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(Introduced by M. Stefanini) 


Joseph Stanton Memorial Labs., Saint Elizabeth’s Hospital, and Dept. of Medicine, 
Tufts University School of Medicine, Boston 


Since determination of fibrinogen is most 
useful in hemorrhagic emergencies, the pres- 
ent fairly lengthy methods constitute a defi- 
nite drawback to its routine use. A technic to 
determine the level of plasma fibrinogen rap- 
idly and without excessive loss of accuracy 
would be of obvious value. The procedure 
described here seems to fulfill these require- 
ments. 

Principle of method. Defibrinated plasma 
does not clot upon addition of thromboplastin 
and calcium or of thrombin. When, however, 
a source of fibrinogen is added to defibrinated 
plasma, clotting time upon addition of throm- 
boplastin and calcium is inversely propor- 
tional to concentration of fibrinogen in mix- 
ture. Materials: (a) Defibrinated plasma 
(substrate reagent). Nine volumes of bovine 
or of human blood are collected in 1 volume 
of 0.1 M sodium citrate. Plasma is separated 
by centrifugation at 2,000 rpm/5 min. Equal 
volumes of bovine and human plasma are 
mixed. For defibrination, 5 N.I.H. units of 
bovine thrombin (Parke & Davis) in 0.1 ml 
of saline solution are added to 1 ml of plasma 
mixture. The clotted plasma is left at room 
temperature for 30 min. and the clot then 
separated by filtration through gauze. One 
unit of thrombin in 0.3 ml is again added. 
The new clot is also removed, the procedure 
being repeated twice. Completely defibrinated 
plasma contains optimum concentration of 
prothrombin and accessory factors. The de- 
fibrinated plasma is incubated at room tem- 
perature 2 hrs to allow full inactivation of 
thrombin. When then kept at —20°C in 
corked test tubes, the substrate reagent is 
stable and may be used satisfactorily for at 


* Presented at meeting of Am. Physiol. Soc., At- 
lantic City, N. J., April 1959. 

+ The author acknowledges assistance of Rose Mele 
and helpful advice and direction of Dr. Mario Ste- 
fanini. Preliminary work conducted in Boston City 
Hospital. 
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least 8 months. It may also be lyophilized 
and kept at 4°C indefinitely, being reconsti- 
tuted to original volume of plasma with dis- 
tilled water at time of use. (b) Rabbit brain 
thromboplastin (Difco) or Permaplastin (C. 
W. Alban Co.); (c) CaClz 0.03 M; (d) Plas- 
ma to be tested: Nine volumes of blood are 
collected in 1 volume of 0.1 M sodium oxalate. 
The plasma is separated by centrifugation at 
3,000 rpm/5 min in angle centrifuge. Plasma 
is absorbed with 50 mg of barium sulfate for 
5 min and centrifuged at 3,000 rpm/5 min. 
Dilutions of the supernatant plasma are pre- 
pared with imidazole buffer (pH 7.25). De- 
fibrinated plasma, plasma to be tested diluted 
1/5, thromboplastin and CaCl, all in the vol- 
ume 0.1 ml are added rapidly in test tube kept 
in water bath at 37°C and clotting time re- 
corded. Clotting time of mixture is then 
translated into plasma fibrinogen percentages 
by means of a curve previously prepared 
(Fig. 1). Only clotting values should be con- 
sidered between 20” and 50”, as the method is 
most accurate in this range. Occasionally, 
when fibrinogen concentration is very low it 
may be necessary to use undiluted plasma or 
plasma diluted only 1/2.5; with fibrinogen 
concentration very high it may be necessary 
to dilute the test plasma to 1/10 or 1/20. In 
such instances, the percentage values obtained 
are corrected on the basis of the dilutions used. 
Preparation of dilution curve: Five normal 
human plasmas were pooled and adsorbed 
with 50 mg BaSO,/ml as in the test. Super- 
natant plasma was diluted 1:5 with imidazole 
buffer and this reagent taken to contain 100% 
fibrinogen. The reagent was then diluted 
further to 80, 60, 50, 40, 30 and 20% in imi- 
dazole buffer. Values in 5 sets of determina- 
tions showed a maximum difference of 1.6 sec- 
onds, the higher deviation being noted for the 
lowest and highest dilutions (Fig. 1). 
Reproducibility and standard error of pro- 
cedure. When dilutions were used giving 
clotting times between 50” and 20”, determin- 
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ations on 3 normal plasmas and several patho- 
logical plasmas, using 15 determinations of 
each, gave a standard error of + 1.9 sec. 
When clotting times of undiluted plasmas 
were longer than 60”, severe fibrinogenopenia 
was present. Such results are indicated as 
“no clot.’ Results have been checked against 
those with the standard “tyrosine method.” 
Good correlation has been found in patients 
with normal, elevated or decreased plasma 
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FIG. 1. Correlation of clotting times to plasma, fi- 
brinogen percentage values.* 


* Clotting times are reported in sec. on ordinate; 
percentage levels of fibrinogen are reported on ab- 
scissa. Thus, clotting time values are readily trans- 
lated into plasma fibrinogen percentages. The 5 
points represent 5 actual experiments using the 
same system, with plasma pool where fibrinogen 
content was of 300 mg % by the tyrosine method. 
Continuous line is avg of the 5 values. As the nor- 
mal plasma was originally diluted 1:5, the method 
can be used to study fibrinogen levels from 12 to 
1200 mg %. No clot was obtained when plasma was 
diluted 1:25 or more. 
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TABLE I. Correlation of Present Method to Tyro- 
sine Method. 


Tyrosine Present 


method, method, 
No. of mg % mg %* 
cases Diagnosis (Avg values) 
1 Carcinoma of lung 430 388 
2 Pulmonary infarction 380 360 
2  Arteriosclerosis 400 335 
5  Myoeardial infarction 292 305 
3 Congestive heart failure 272 240 
10 Mitral stenosis 368 332 
2 Subacute bacterial endo- 285 302 
carditis 

2 Rheumatic heart disease 257 267 
2 Intestinal obstruction 317 320 
1 Fistula in ano 340 464 
1 Perianal abscess 365 388 
1 Infectious hepatitis 202 235 
1 Cirrhosis of liver 100 104 
3 Diabetes mellitus 224 220 
1 Carcinoma of pancreas 214 168 
2 Acute thrombophlebitis 330 360 
1 Posthemorrhagic anemia 225 180 
2 Fractures 425 447 


* Values in mg % are calculated from curve of 
Fig. 1 where 100% value represented 300 mg % by 
the tyrosine method. Values were multiplied by 2 
or 4 when plasma was diluted 1/10 or 1/20; or 
divided by 2 or 5 when plasma was diluted 1/2.5 or 
used undiluted. 
fibrinogen level and in severe hypofibrino- 
genemia (Table I). 

Summary. A method is presented for rapid 
and, under certain conditions, accurate deter- 
mination of plasma fibrinogen level. The 
method correlates well with standard tyrosine 
technic. This method should find its greatest 
use in rapid determination of plasma fibrino- 
gen level in hemorrhagic catastrophes and 
especially in hemorrhagic accidents of preg- 
nancy. 
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The problem of Staphylococcus aureus in- 
fections in clean surgical wounds is receiving 


* Resident in Orthopedic Surgery, Univ. of Colo- 
rado Med. Center. 


widespread attention. One method to control 
this is administration of penicillin. It is cur- 
rently believed that, in addition to its unde- 
sirable side-effects, penicillin is of little or no 
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value for preventing penicillin-resistant sta- 
phylococcal infections in clean surgical 
wounds. To clarify this problem, evaluation 
of prophylactic penicillin administration in 
rabbits infected with “penicillin-resistant” 
staphylococci was undertaken. 

Materials and methods. A. Test organism. 
1. Characteristics. A strain of Staphylococ- 
cus aureus was obtained from the nasopharynx 
of a ward nurse. It was hemolytic, mannitol 
fermenting, coagulase positive, and of phage 
type 80/81. This strain was highly resistant 
to penicillin by routine disc-drug-suscepti- 
bility tests. Jn vitro penicillin resistance also 
was established by serial tube dilution tech- 
nics using nutrient broth and reading after 
24 hours incubation. With large inocula (5 
x 10° to 5 x 10% viable bacterial units/ml) 
this particular strain was resistant to 250-500 
penicillin units/ml. With small inocula (5 x 
107 to 5 x 10% viable bacterial units/ml), the 
strain proved susceptible to 1 penicillin unit/ 
ml, but not susceptible to concentration of 
0.5 penicillin unit/ml. This phenomenon of 
increase in in vitro penicillin-susceptibility as 
size of inoculum decreases is characteristic of 
penicillinase-producing, resistant staphylo- 
cocci(1). 2. Staphylococci were prepared for 
inoculation into wounds in 2 ways: a. No 
penicillin (np). Five ml were taken from a 
heavy 4 to 6 hour culture and grown 2 hours 
in nutrient broth to which was added 2% glu- 
cose. The preparation was aerated during 
growth in roller tubes turning at 16 rpm. 
b. The preparation was the same except that 
100 units of crystalline penicillin G (Squibb) / 
ml were added at beginning of 2 hour growth 
period and additional 100 penicillin (p) 
units/ml were added after first hour of 
growth. Both suspensions were then diluted 
to standard nephelometric density of 20 units 
(Coleman Nephelo-colorimeter), from this 
standard, 10~* dilutions in saline were made 
for inoculation into wounds. 3. Estimation 
of inoculum size. Dose of organisms in each 
wound was estimated as follows: A sample of 
suture material identical to that used to close 
the wound was soaked in the suspension of 
staphylococci for 30 minutes, then transferred 
to sterile nutrient broth and allowed to soak 
for 2 hours. All remnants of the suture used 


to close the wound were soaked in similar 
fashion. Aliquots of each broth specimen 
were plated on nutrient agar and colony 
counts obtained. Some multiplication oc- 
curred during 2 hours of soaking. Difference 
in number of colonies from the silk prior to 
closure and the number obtained from suture 
remnants, after closure, was accepted as a 
rough approximation of size of wound inocu- 
lum. Values for the mp inoculum were 600, 
200 and 50 organisms, and for p inoculum 
200, 150 and O organisms. It seems fair to 
assume that the dose was less than 1000 viable 
bacterial units in all instances. B. Technic. 
Clean surgical wounds, each approximately 3 
cm in length and extending beneath the super- 
ficial muscular layer, were done in the backs 
of albino New Zealand rabbits of similar age 
and weight (1.5 - 2.0 kg). Infection was con- 
sistently produced by a technic similar to that 
used by Elek(2) in human subjects; namely 
by soaking silk suture in 10+ dilution of 
standard suspension (1 to 5 x 10+ viable 
units/ml) and using this suture to close the 
wound. Fifty cm of 00 non-capillary, braided, 
Ethicon silk was prepared for each wound 
closure. The suture was kept completely sub- 
merged in 10+ diluted broth for 30 minutes 
at room temperature, and allowed to drip until 
free of adherent droplets, and placed immedi- 
ately in the wound. A 2 layer closure was 
used with continuous silk in the fascia, and 
with a running subcuticular stitch to approxi- 
mate the skin margins. Approximately 12 cm 
of total 50 cm were used in each wound. Ani- 
mals were handled in groups of 4 and sites of 
placement of the differently prepared popula- 
tions alternated. The type of population 
placed in each wound was recorded and the 
records kept in such a way that during post- 
operative period the observer was unaware of 
the pattern of wound inoculation. Two ani- 
mals in each group were treated with procaine 
penicillin and 2 were not. The treated (P) 
animals received 10,000 units/kg intramuscu- 
larly twice daily for 4 days, including day 
prior to surgery, day of surgery and 2 days 
after surgery. Wounds were inspected daily. 
Onset of infection was determined by presence 
of abscess formation as detected by palpation 
for induration and fluctuance and by inspec- 


110 


tion for erythema. At end of 14 days animals 
were sacrificed and wounds and viscera in- 
spected. Cultures of all infected wounds 
were taken at time of autopsy. The infected 
population was identified in each wound by 
culture and tests for mannitol fermentation 
and coagulase production. In selected cases 
(2 np and 2 p populations) the strain was 
further identified by its level of penicillin-sus- 
ceptibility as determined by  tube-dilution 
technic. To confirm that results obtained 
were not due to genetic change, the procedure 
was repeated using a population obtained from 
a Pp abscess in one animal in the initial group. 

Results. There were 11 animals in the 
group which did not receive penicillin (VP) 
(Table I). Each of these animals had 4 
wounds placed in its back. One wound was 
closed with a suture which had been soaked 
in a suspension of mp staphylococci, and one 
wound was closed with suture which had been 
soaked in suspension of the p population. For 
each of these wounds a contralateral wound 
was created as a control and closed with ster- 
ile silk. There were no instances of infection 
in control wounds. All 11 wounds infected 
with mp staphylococci became infected as did 
all 11 wounds infected with p organisms. 
These infections became apparent within 6 to 
11 days. There was no significant difference 
in time of onset or clinical appearance of the 
wounds. 

There were 11 animals in the P group 
(which received parenteral penicillin); one 
animal was eliminated because of wound de- 
hiscence on first postoperative day. There 
were no infections in control wounds in these 
animals. In the 10 wounds inoculated with 
np populations there were only 2 infections. 
These 2 infections were produced in one ex- 


TABLE I, Penicillin Prophylaxis of Staphylocoe- 
cal Infections. 


Population* Population 
Animals (np) (p) 
No penicillin prophylaxis 11/11t 11/11 
GN) 
Penicillin prophylaxis 2/10 10/11 


* Staphylococci (np) derived from population 
not previously exposed to penicillin, and (p) de- 
rived from population cultivated with penicillin. 

t+ Wounds infeeted/wounds inoculated. 
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TABLE II. Penicillin Prophylaxis of Staphylocoe- 

eal Infections. Population obtained from a Pp 

abscess, then prepared for inoculation in the same 
manner as the population in Table I. 


Population* Population 
Animals (up) (p) 
No penicillin prophylaxis Oia 6/7 
) 
Penicillin prophylaxis 2/7. 6/7 


* Staphylococci (np) derived from population 
not exposed to penicillin after animal passage, and 
(p) cultivated in presence of penicillin after ani- 
mal passage. 

+ Wounds infected/wounds inoculated. 
periment, and were very early in onset sug- 
gesting that the inoculum size may have been 
larger than in other experiments. 

In animals given penicillin (P) wounds 
which were inoculated with p populations be- 
came infected in 10 out of 11 instances (Ta- 
ble I). Three infections occurred in the Pp 
sites earlier than infection was apparent in 
other wounds, including wounds in animals 
which did not receive penicillin. These Pp 
infections also gave the clinical impression of 
being more erythematous and hemorrhagic. 
The evidence available did not permit statis- 
tical validation of this impression, but was 
consistent with the findings of Tacking(3). 

No evidence of genetic change was detected 
in bacterial populations recovered from the 
animals. Those which were tested (in 7 ex- 
periments) retained the same level of in vitro 
resistance to penicillin they had manifested 
prior to animal passage. This was true irre- 
spective of whether they had been passed 
through a penicillin-treated or a non-penicil- 
lin-treated animal. Additional evidence that 
no genetic change had occurred was obtained 
in 14 animals that were inoculated with a 
population obtained from a Pp abscess (Table 
Il). The results obtained were similar to 
those obtained in the original investigation. 
All groups were combined for final statistical 
evaluation of the results. 

Discussion. Our results indicate that a 
population of staphylococci which has been 
exposed to penicillin immediately prior to in- 
oculation has a greater capacity for initiating 
infection in spite of prophylactic penicillin 
treatment (16/17) than one of equal “resis- 
tance” which has not (4/17), a probability 
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value<0.001. They also indicate that peni- 
cillin is effective in preventing wound _infec- 
tions due to “penicillin-resistant” staphylo- 
cocci not previously exposed to penicillin (18/ 
18 as compared to 4/17) provided the in- 
oculum size is small and the penicillin dosage 
is adequate (P<0.001). 
As originally observed by Kirby(1) the re- 
sistance of staphylococci to penicillin depends 
upon ability of penicillinase, synthesized by 
the bacteria, to inactivate penicillin before the 
bacterial cell itself is irreversibly injured. The 
individual cell in such a penicillin-resistant 
population is relatively susceptible to penicil- 
lin. The inoculum must be large enough to 
provide and maintain sufficient penicillinase 
in the environment to inactivate a given con- 
centration of penicillin. This is the probable 
explanation for the difficulty in demonstrat- 
ing penicillinase production when working 
with low density populations of staphylococci. 
To demonstrate im vitro, a difference in 
penicillin-susceptibility of populations used, 
the large populations which were cultivated in 
broth for only 2 hours, with and without peni- 
cillin, were studied by tube-dilution technic. 
No in vitro evidence of modification of peni- 
cillin-resistance was observed. This seemed 
surprising in view of the partially substrate- 
adaptive nature of penicillinase synthesis by 
staphylococci(4,5). However, it has been ob- 
served(6) that synthesis of penicillinase by 
staphylococci is significantly influenced by 
the composition of the nutritional environ- 
ment. Therefore, increased penicillinase pro- 
duction stimulated by previous exposure to 
the substrate, penicillin, could have occurred 
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in the more complex nutritional environment 
in vivo in spite of the fact that it was not 
manifested in vitro. 


In the continuing effort to control hospital 
infections due to “penicillin-resistant” staphy- 
lococci, it appears that control of penicillin in 
the environment may be as important as the 
distribution and genetic character of the 
staphylococci. This appears to be an instance 
in which the phenotype, as well as the geno- 
type, of a pathogen is important. 

Summary. Experimental wound infections 
with small inocula of staphylococci were regu- 
larly produced in rabbits. Prophylactic peni- 
cillin was effective in preventing such experi- 
mental wound infections due to “penicillin- 
resistant” staphylococci when size of inoculum 
was small and when the infecting organisms 
were derived from environment containing no 
penicillin. Under similar conditions penicillin 
was not effective in preventing wound infec- 
tion due to small inocula of “penicillin-resis- 
tant” staphylococci which were derived from 
an environment containing penicillin. 


The authors acknowledge technical assistance of 
Charmion Carnes. 
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During an investigation on effects of Vit. E 
deficiency on nerve cells in the rat, it was 
incidentally observed that in the few in- 
stances in which carotid arteries were removed 
and processed simultaneously with the su- 
perior cervical ganglia, the intimal lining of 


these vessels was characterized by prolifera- 
tive changes. Since the rat is generally con- 


* This work was supported in part by Grant B-342 
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ial INTIMAL LESIONS IN TOCOPHEROL DEFICIENCY 


TABLE I. Lesions in Arteries of Control and Experimental Groups of Rats. 


No. of days re- 
quired to pro- 


No. of animals 
with arterial 


Group No. No. of rats Diet Supplement lesions duce lesions 
I 76 E-def. 70 280—450 
II 20 ‘ fat 20 150-450 
IO i stock 0 
IV 10 E-def. vit. E 0 
V rs i cholesterol ) 250-450 
VI a stock es 0 


sidered to be highly resistant to development 
of atheromatous arterial lesions, it was con- 
sidered worth while to investigate this phe- 
nomenon in greater detail. Previous attempts 
to produce atherosclerosis in the rat have met 
with variable results. According to Okey(1), 
Page and Brown(2), and Malinow, Hojman 
and Pellegrino(3), administration of choles- 
terol does not lead to atherosclerosis. Page 
and Brown reported that feeding cholic acid 
and cholesterol to hypothyroid rats elicited se- 
vere hypercholesteremia with accompanying 
fatty liver and lipid infiltration of kidney, 
heart and aorta, but no evidence of athero- 
sclerotic changes. Malinow, e¢ al., on the 
other hand, observed “moderately advanced 
lesions” in arteries of rats which were fed 
cholesterol together with methylthiouracil. 
“Moderately advanced lesions” were defined 
as lesions which showed endothelial or suben- 
dothelial proliferation. They also observed 
similar or more advanced lesions in rats made 
perinephritic and given methylthiouracil, me- 
thylthiouracil and oil, or cholesterol and 
methylthiouracil. Bragdoon and Mickelsen 
(4) observed atheromata-like lesions as 
masses of foam cells. These most frequently 
occurred on aortic and mitral valves and in 
endocardium of left ventricle, following intra- 
venous or intraperitoneal injections of lipopro- 
teins obtained from serum of cholesterol fed 
rabbits. Such changes were never observed 
in the aorta. These investigators concluded 
that to date, no one has succeeded in produc- 
ing atheromatous lesions in aorta of the rat. 
They explained the lesions described by Hart- 
roft, e¢ al. in choline-deficient rats(5) as rep- 
resenting primarily medial degeneration. 
Methods. The animals included 126 rats 
of Wistar (MW-2) strain, weighing 50 g, 150 
g and 300 g respectively. Most animals 
(Group I, Table I) were maintained on a 


tocopherol-deficient test diet which had the 
following composition: 20%  vitamin-free 
casein GBI, 56% dextrose, 10% lard, 4% salt 
mixture(6), 10% Brewer’s yeast powder to- 
gether with the following fat-soluble vitamins/ 
100 lb: 523 g cod liver oil, or 68 g carotene in 
oil, GBI type 3a, and 0.001 g -calciferol. 
Other rats (Group II) were placed on above 
diet to which was added 15 to 20% Vit. E- 
free fat. This was a hydrogenated cottonseed 
oil which had been dissolved in saturated 
ether solution of ferric chloride to oxidize 
any tocopherol which might be present in the 
fat. The ether was then removed by a rotat- 
ing evaporator. Group III was placed on 
stock laboratory diet of Purina Rat Chow, 
and Group IV on tocopherol-deficient diet to 
which was added pure a-tocopherol. ‘The ef- 
fects of adding 2% cholesterol to Vit. E-defi- 
cient diet (Group V), or to stock diet (Group 
VI), were also studied. In later studies, 4 
rats from 5 different strains (C. F. Nelson, 
HLA, Long-Evans, Wistar and Sherman) were 
placed on tocopherol-deficient diet while 2 
animals from each strain were maintained on 
Rat Chow diet. Animals were kept on these 
diets for various intervals of time from 100 to 
480 days before being sacrificed. The tissues 
were rapidly removed following pneumo- 
thorax, fixed in 10% formalin and processed 
in routine manner. Our study deals with caro- 
tid arteries and aorta. These arteries were re- 
moved 7m toto and cut into small pieces so that 
representative sections could be studied from 
all parts of the arteries. One-half of each 
piece of artery was set aside for frozen sec- 
tions and for cholesterol and lipid studies. 
Blood cholesterol studies were made on 3 con- 
trol animals and 4 animals that were on the 
tocopherol-free diet. In these instances blood 
was drawn directly from the heart following 
its exposure while the animal was still alive. 
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Results. The number of rats exhibiting 
lesions in the aorta and carotid arteries after 
being subjected to various experimental pro- 
cedures is shown in Table I. When 15 to 
20% tocopherol-free fat was added to toco- 
pherol-deficient diet, arterial lesions occurred 
much earlier than in animals maintained on 
the same diet without added fat, the intimal 
lesions becoming noticeable in a little more 
than one half the time. Addition of choles- 
terol to tocopherol-deficient diet, on the other 
hand, did not alter length of time required to 
produce the lesions. 

In some instances, intimal lesions were 
quite extensive and completely surrounded the 
circumference of vessel wall. Such lesions or- 
dinarily extended longitudinally through large 
segments of the artery and could be observed 
in most sections of the particular vessel. On 
the other hand, the majority of lesions were 
quite localized and appeared in only a few 
sections of any given segment of artery. Since 
the lesions in most animals were localized, it 
was necessary to study large numbers of sec- 
tions from all of the segments of an artery to 
determine whether or not arterial alterations 
existed in an individual animal. 

Lesions in the intima varied in size and in 
nature in different rats as well as in different 
arterial segments of the same rat. Curiously, 
there appeared to be no correlation between 
size of lesions and length of time during which 
the animal had been on Vit. E-deficient diet. 

In several animals, intimal lesions were ob- 
served in both carotid arteries and aorta, 
whereas in others the lesions were limited to 
the aorta, or to carotid arteries. 

Lesions varied from a simple thickening of 
the endothelium in a Iccalized region compris- 
ing only a few sections (Fig. 1) to large, well 
formed plaques, with fibrotic subendothelial 
tissues, which protrude into the lumina of 
the vessels (Fig. 2). In some instances, small 
lesions extended completely around the cir- 
cumference of the artery. These could be ob- 
served almost throughout the entire length of 
the respective artery (Fig. 3). The initial 
thickening of endothelium is due to an in- 
crease in height of the normally flattened en- 
dothelial cells. This is followed by prolifera- 
tion of elongated cells resulting in small local- 
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Photomicrograph of section of aorta 
from vit. E-deficient rat, showing a small intimal 
plaque. 

FIG. 2. 
artery from vit. E-deficient rat showing typical 
large atherosclerotic plaque. 


Photomicrograph of section of carotid 


FIG. 3. Photomicrograph of section of aorta 
from vit. E-deficient rat showing intimal prolifera- 
tion which completely surrounds circumference of 
the vessel. 


ized endothelial plaques. In sections in which 
the endothelium is undergoing active prolifer- 
ation, this is followed by invasion of connec- 
tive tissue cells and fibers which arise either 
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from subendothelial elements or from the me- 
dia. This leads to formation of highly or- 
ganized intimal plaques, some of which are of 
considerable extent. 

Occasionally there is a desquamation of 
thickened endothelium into the lumen which, 
in some instances, appears to be still attached 
to the intima of the artery at one or more 
points. Moreover, a colorless material is in 
certain instances deposited below the endo- 
thelial cells with subsequent formation of a 
subendothelium. This is a phenomenon which 
does not normally occur in arteries of the rat. 

Formation of foam cells, which occurs in 
experimental atherosclerosis in the rabbit co- 
incident with hypercholesteremia, has not 
been observed in the rat. Moreover, sections 
of arteries from Vit. E-deficient rats, includ- 
ing sections with intimal lesions, when sub- 
jected to Schultz(7) modification of the Lie- 
bermann-Burchardt reaction, did not reveal 
presence of cholesterol. This was true even 
in animals whose diet had been supplemented 
with cholesterol. In arteries of rats fed cho- 
lesterol in addition to Vit. E-deficient diet, the 
lesions were identical in both nature and oc- 
currence to lesions of animals fed Vit. E- 
deficient diet without supplementation. Blood 
cholesterol levels of 4 rats on high cholesterol 
Vit. E-deficient diet were essentially the same 
as those of rats fed the diet without choles- 
terol. 

Study of frozen sections of arteries from 
rats on various experimental and control diets 
stained with Sudan black revealed no remark- 
able differences in sudanophilic lipid material. 
In most cases, this material was not demon- 
strable either in the lining of vessels or in the 
intimal plaques. In only a few instances a 
small number of sudanophilic granules were 
present in these areas. 

There was no indication that age differences 
of animals resulted in differences in nature, 
time of onset, or occurrence of lesions. 

Since all observations were made on one 
particular strain of rats, the possibility pre- 
sented itself that the results obtained might 
be due to genetic factors in this strain. For 
this reason, 4 animals from each of 5 addi- 
tional strains of rats were subjected to the 
Vit. E-deficient diet, whereas 2 animals from 
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each strain were placed on the stock diet. No 
arterial alterations were present in these ani- 
mals. The group fed the Vit. E-deficient diet 
exhibited arterial lesions comparable in both 
nature and extent to those found previously 
in the larger series of animals, which suggests 
that the lesions observed were not the result 
of genetic factors of a particular strain. 

Discussion. There is some question con- 
cerning the designation of the intimal lesions 
described here as atheromatous lesions. Al- 
though they are characterized by a thicken- 
ing and proliferation of the intima with even- 
tual formation of intimal plaques there was 
no marked deposition of lipids, a phenomenon 
usually considered characteristic of athero- 
sclerosis. For this reason the lesions have 
been referred to as “intimal arterial lesions.” 

The effects of Vit. E, or of its deficiency on 
the vascular system, have been subjected to 
numerous investigations, the results of which 
are not always in agreement. 

According to some investigators(8,9), in- 
creased amounts of tocopherol result in in- 
crease in occurrence or severity of atheroma- 
tosis and other lesions. Others(10,11,12) state 
that Vit. E failed to influence atherogenesis or 
other vascular lesions, while still others(13, 
14,15) reported that Vit. E prevents the for- 
mation of such lesions or causes their regres- 
sion. Loewi(16) observed that rabbits and 
guinea pigs maintained for 7 months on a 
semi-synthetic Vit. E-deficient diet, develop 
lesions which resemble atheromata, whereas 
rats do not. 

Although numerous investigators have stud- 
ied the effect of Vit. E-deficiency in the rat, 
occurrence of arterial lesions has not been 
previously observed. There is the possibility 
that since the majority of lesions are highly 
localized, their occurrence might not have 
been noted unless large numbers of sections 
were studied from any given segment of an 
artery. 

It is of interest that addition of fat (but 
not cholesterol) to the Vit. E-deficient diet ac- 
celerated formation of arterial lesions. Since 
both saturated and unsaturated lipids were 
present in fat added, as well as in the diet, 
these data give no indications concerning the 
effect of unsaturation on production of the 
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lesions. Furthermore it should be noted that 
addition of 15 to 20% fat diluted the diet so 
that protein content was reduced. This reduc- 
tion in protein may be related to the accelera- 
tion of the lesions. 


Lesions differed from those described in 
cholesterol-fed rabbits(17) or in rats made 
hypercholesteremic by a variety of procedures 
(3) or following injections of lipoprotein from 
serum of cholesterol-fed rabbits(4). In all 
these instances foam cells, cholesterol and 
large amounts of sudanophilic lipids were 
present, with the exception of some described 
by Malinow, e¢ al.(3). The lesions here de- 
scribed were characterized by absence of foam 
cells and cholesterol, and by presence of only 
small amounts of lipids. 

Summary. 1) The aorta and carotid ar- 
teries of rats maintained on a Vit. E-deficient 
diet for 280 to 450 days were characterized 
by presence of intimal changes. Addition of 
15-20% Vit. E-free hydrogenated fat accel- 
erated formation of lesions. A daily supple- 
ment of pure alpha-tocopherol to Vit. E- 
deficient diet inhibited formation of intimal 
changes. Addition of cholesterol to the diet 
had no effect on incidence or severity of the 
lesions. 2) Intimal alterations varied from a 
simple thickening of endothelium to large 
well formed plaques with fibrotic subendo- 
thelial tissue. 


10S 


1. Okey, R., Proc. Soc. Exp. Bron. anp Mep., 1941, 
v46, 466. 

2. Page, I. H., Brown, H. B., Circulation, 1952, v6, 
681. 

3. Malinow, M. R., Hojman, D., Pellegrino, A., 
Acta Cardiol., 1954, v9, 480. 

4. Bragdoon, J. H., Mickelsen, O., Am. J. Path., 
1955, v31, 965. 

os) Hartrotty Who Ridouty Ja bey sellers: Hea 
Best, C. H., Proc. Soc. Exp. Bron. AND Mep., 1952, 
val, 384. 

6. Hubbell, R. B., Mendel, L. B., Wakeman, A. S., 
J. Nutr., 1937, v14, 273. 

7. Schultz, A., Zentralbl. allg. Path. u. Path. Anat., 
1926, v35, 314. 

8. Moses, C., Thodes, G. L., Levinson, J. P., An- 
giology, 1952, v3, 397. 

9. Lehr, D., Churg, J., Milora, R., Proc. Soc. Exp. 
Bro. anp Mep., 1954, v85, 615. 

10. Stamler, J., Pick, R., Katz, L. N., Czrculation, 
1956, v8, 455. 

11. Hartrott, WSs Fed. Proc, 1955. vila 655: 

12. Oester, Y. T., David, O. F., Friedman, B., 
Circulation, 1955, v12, 505. 

13. Holman, R. L., ibid., 1950, v2, 469. 

14. Baguena, B. M., Baguena, C. J., Orts, M. F., 
Torino, A. V., Arch. Med. Exp., 1955, v18, 13. 

15. Cali, A., Adinolfi, M., Giorn. Gerontol., 1955, 
v3, 464. 

16. Loewi, G., J. Path. Bacteriol., 1955, v70, 246. 

17. Kuntz, A., Sulkin, N. M., Arch. Path., 1949, 
v47, 248. 


Received September 10, 1959. P.S.E.B.M., 1960, v103. 


Heparin-Latex Test in Rheumatoid and Non-Rheumatoid Serums.* (25430) 


G. K. DE Forest AND J. J. BARBORIAK 


(Introduced by G. Klatskin) 
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School of Medicine, New Haven, Conn. 


At the first conference on serological reac- 
tions of rheumatoid arthritis, in Jan., 1957, 
sponsored by the Arthritis and Rheumatism 
Fn., “rheumatoid factor” was defined as “the 
substance in blood of patients with rheuma- 
toid arthritis and some related diseases re- 
sponsible for agglutination of sensitized sheep 
erythrocytes and latex particles in the pres- 

* This investigation ‘supported in part by research 
grant from Nat. Inst. of Arthritis and Metab. Dis., 
and Conn. Chapter, Arthritis and Rheumatism Fn. 


ence of F II, etc., under appropriate condi- 
tions.” This definition implies the obligatory 
presence of an “outside” a-globulin in sero- 
logical reactions in which the rheumatoid fac- 
tor participates. It was, therefore, of inter- 
est when Gofton et al.(1) reported that some 
polysaccharides, in this case heparin, chon- 
droitin sulphate and hyaluronic acid, may be 
used in place of a-globulin to sensitize poly- 
styrene latex particles in the latex fixation 
test. Using a slightly modified procedure, we 
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TABLE I. Results of Heparin-Latex Fixation Test. 


No. of % 
No. of | positive positive 
Clinical diagnosis patients tests tests 

Definite rheum. arthritis 

Stage 1 20 11 55 

Menie. 48 36 75 

3 49 43 88 

pte 4 3 75 

Total 121 93 77 

Possible rheum. arthritis 24 lh 29 

Juvenile ” ri 3 0 0 

Diverse collagen diseases 6 1 17 

Psoriasis 5 2 40) 

Spondylitis 8 0 0 

Controls 313 20 6 


were able to confirm the findings of Gofton’s 
group concerning sensitizing effect of heparin 
on latex particles used with rheumatoid se- 
rums. The present report deals with some re- 
sults of our work with heparin sensitized latex 
suspension. 

Methods. Reagents and polystyrene latex 
suspension were prepared and treated accord- 
ing to standard procedure for the F II latex 
fixation test with the exception that a 0.5% 
heparin solution, or more precisely a heparin 
solution containing 500 international units/ 
ml, was used in place of the F IT preparation. 
The latex particles were sent us by the Arth- 
ritis and Rheumatism Fn and measured .81 
p in diameter. 

Results. The over-all results with the 
heparin-latex test are given in Table I. 


The 121 patients diagnosed as having defi- 
nite rheumatoid arthritis were subdivided ac- 
cording to stage of disease. The percentage 
of positive tests increased up to the third 
stage; the number of patients in the fourth 
group is not large enough to allow a definite 
conclusion. The incidence of 77% positive 
tests in the series with “‘definite rheumatoid 
arthritis” compares favorably with similar ag- 
glutination tests. In the 24 patients with 
“possible rheumatoid arthritis,’ 7 or 29% 
had positive tests, and none of the 3 patients 
with juvenile rheumatoid arthritis had serums 
which reacted. Of the remaining diseases 
tested, there were no positive tests in a group 
of 8 spondylitics; 2 out of 5 patients with 
psoriasis, and 1 out of 6 patients suffering 
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from diverse collagen diseases had positive 
tests. 

Three hundred and thirteen control serums 
were tested, 20 or 6.4% gave positive tests. 
Most of these control serums were received 
from the Serological Laboratory of the Grace- 
New Haven Community Hospital and came, 
therefore, from patients with diverse diseases. 
Over half of the patients whose serums gave 
false-positive reactions were diagnosed as 
having some hepatic disorder—mostly cirrho- 
sis or hepatitis. When tested by the sensitized 
sheep cell test, none of the 20 false-positive 
serums had positive reactions. A review of 
the electrophoretic patterns of these serums 
revealed that all 20 had elevated a-globulin 
levels of over 20%. 7.3% to 22.9% is con- 
sidered to be the normal range in our electro- 
phoretic studies. 

It was then decided to test more high a- 
globulin serums by both heparin-latex and 
F II latex fixation tests to find out if a posi- 
tive reaction is characteristic for heparin-latex 
only. High a-globulin serums were collected 
from various sources, all with concentration 
of a-globulin over 20% of total protein, as 
determined by paper electrophoresis. Ninety 
such serums were tested, and the results are 
summarized in Table IT. 

The heparin-latex test was positive in a 
much higher proportion of high a-globulin se- 
rums than the F II latex fixation test, 52% 
as compared with 20%. Interestingly, hepatic 
disorders made up less than 20% of the group. 
It is possible, however, that their incidence 
may have been a little higher, as serums were 
classified according to a preliminary diagnosis. 

Taking the group with hepatic diseases 
only, 11 out of 16 serums or about 68% re- 


TABLE II. Positive Latex Fixation Tests in High 
y-Globulin Serums. 


No.of Heparin 
Clinical diagnosis —_ patients latex EF II latex 

Cirrhosis iat 8 5 
Hepatitis 5 3 2 
Pneumonia 5 2 1 
Colitis 4 il (0) 
Tuberculosis 3 2 2 
Other diseases 62 733i if 

Total 90 47 18 
Jo positive 52 20 
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acted positively with the heparin-latex test, 7 
or about 43% were positive with the F II 
latex fixation test. 

It was interesting, however, to note that 
many of the rheumatoid serums reacting in 
the heparin-latex test had a-globulin levels 
well within the normal range. 

Little is known about the possible mechan- 
ism of the agglutination-promoting activity of 
heparin. It may have no real biological mean- 
ing, but may, as Gofton and co-workers have 
pointed out, merely represent ability of these 
strongly negatively charged heparin molecules 
to react non-specifically with or bring together 
at a nidus, the patient’s own a-globulin and 
rheumatoid factor. It has been reported that 
under certain conditions heparin may precipi- 
tate fibrinogen(2). In our series, however, 
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serums were used throughout. Certain beta- 
lipoproteins have also been reported to be 
precipitated by heparin(3). In the few cases 
tested in our study no differences in this class 
of substances could be detected. 

Summary. The rather high incidence of 
false-positive results with serums containing 
elevated a-globulin levels, limits the practical 
value of the heparin-latex test for routine 
testing in rheumatoid arthritis. 
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Hexosamine-Collagen Ratio of Skin Biopsies in Patients Receiving Systemic 
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E. T. Wricut, H. SoBet AND N. H. NELSON 
Vet. Admin. Center, Los Angeles, Calif.; Cedars of Lebanon Hospital, and Dept. of 
Biochemistry and Nutrition, University of So. Calif. 


The basic principles which led to the study 
of hexosamine-collagen ratio (H/C) in human 
skin biopsies have been described(1). Since 
collagen is metabolically relatively inert and 
the hexosamine-containing polysaccharides of 
the ground substance are part of the metabolic 
pool, H/C decreases in starvation and after 
cortisone administration in the rat(2). This 
effect of cortisone occurs in skin, bone, lung 
and aorta(3). A technic has been developed 
for determination of H/C on small dermal 
punch biopsies from humans and has been ap- 
plied in a study on the effects of aging(1). It 
was reported that log H/C falls in a linear 
fashion with age. This technic has now been 
applied to patients receiving therapeutic doses 
of corticosteroids. 

Methods. Procedure for obtaining dermal 
punch biopsies and the analytical methods 
have been previously described(1). Subjects 
for the present study were male patients hos- 

* This work was supported by grant from U. S. 
Peklis. 


pitalized on the dermatological service of Vet- 
erans Administration Center with a variety of 
conditions such as psoriasis, exfoliative derma- 
titis, atopic dermatitis, dysidrosis, etc. No 
patients were acutely ill nor were they suffer- 
ing from known metabolic or endocrinological 
disturbances. The drugs used were predni- 
sone, methyl prednisilone and triamcinaione. 
These were administered orally in divided 
doses daily for 2 weeks. The dosage varied 
depending on clinical requirement of the pa- 
tient. The average daily dose was 15 to 20 
mg for prednisone and 12 to 16 mg for methyl 
prednisilone and triamcinalone. Biopsies were 
obtained just prior to and again after 2 weeks 
of therapy. The area of buttocks from which 
biopsies were taken was not involved with 
the patient’s skin disease. 

Results. A total of 41 sets of biopsies were 
obtained. H/C values for 40 patients ranged 
from .042 to .020, initially. One patient, 67- 
year-old man with atopic dermatitis, had an 
H/C value of .053, considerably greater than 
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that expected for this age(1). Following 2 
weeks of steroid therapy the following changes 
were observed: a) 32 exhibited decreased H/ 
C values of 5% or greater. In 29 of these the 
losses did not exceed 30%, in 3, decreases of 
43%, -63% and -—69% were obtained (the 
latter due to the individual mentioned above) ; 
b) 6 had changes of less than 5%; c) 3 had 
increased values (+23%, +10%, +349%). 
It is of additional interest in the case of the 
latter that pretreatment H/C values were 
027, .020, .023 respectively, values expected 
for aged individuals(1). The latter 2 H/C 
values were the lowest pretreatment values 
in the series. The significance of the increased 
values following corticoid treatment is not 
clear and has not been observed in rats(2,3). 
The mean percent change in H/C values for 
35 subjects (exclusive of the 3 who exhibited 
exceptionally large decreases and the 3 who 
exhibited increases) was -12.9% +1.5%.4 
Discussion. In general H/C of dermal 
punch biopsies decreased following corticoid 
therapy. This had been previously observed 
in the rat following starvation and administra- 
tion of cortisone(2). Since the dose of cor- 
ticoids administered to patients was based 
upon clinical requirements, the effect of 
graded doses upon H/C could not be deter- 


+ This classification was established because in 
previous experience obtained with multiple biopsies 
from rats and dogs taken concurrently or on different 
days from the same region of skin, values of H/C did 
not exceed +5% of the mean. It was considered 
clinically unjustifiable to obtain more than one punch 
at a time in human subjects and consequently this 
same technical error is assumed. 

¢ Standard error. 
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mined. The wide range in response of H/C 
seemed to be due to individual variation and 
not to choice of steroid employed. There ap- 
peared to be no correlation between clinical re- 
sponse of patient to the corticoid and decrease 
in H/C. Since the decrease in H/C in 
the rat following cortisone administration pre- 
cedes a large decrease in body nitrogen, the 
change in ratio in the human might likewise 
presage other metabolic events. This sug- 
gests employment of this technic as an ad- 
junct in tests used for the screening of new 
steroid therapeutic agents prior to clinical ap- 
plication. Decrease in H/C occurs in the rat 
in other connective tissue-rich organs in addi- 
tion to the skin(3). The findings suggest 
that in man the composition of the ground 
substance of lung, blood vessels and bone is 
affected as well. 

Summary. Dermal punch biopsies were ob- 
tained from 41 subjects prior to and following 
2 weeks of daily medication with prednisone, 
methyl prednisilone or triamcinalone. The 
hexosamine-collagen ratio (H/C) was deter- 
mined. In 32 subjects decrease in H/C val- 
ues of 5% or greater were observed. The 
mean change in H/C in 35 patients following 
corticoid treatment was -12.9% +1.5%. 


Analysis of skin punches for hexosamine and col- 
lagen was carried out by George Bonorris. 


1. Sobel, H., Gabay, S., Wright, E. T., Lichenstein, 
I, Nelson, N. H., J. Gerontology, 1958, v13, 128. 
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Metabolism, 1959, v2, 180. 
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Local Action of Oxytocin on Mammary Glands of Postpartum Rats 


After Litter Removal.*t 


(25432) 


JosrpH Mertes, C. S. NicoLtt AND P. K. TALWALKER 
(With technical assistance of C. A. Goerner) 
Dept. of Physiology and Pharmacology, Michigan State University, East Lansing 


Petersen(1) first suggested that oxytocin 
may stimulate release of prolactin by the an- 
terior hypophysis and thereby initiate lacta- 


* Published with approval of Mich. Agr. Exp. Sta. 
as Jour. Art. No. 2506. 
+ This was supported in part by USPHS Grant. 
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tion. This was challenged by Meites and 
Turner(2,3) who reported that oxytocin does 
not induce prolactin discharge or initiate lac- 
tation in laboratory animals. Both oxytocin 
and prolactin are released by the suckling 
stimulus in lactating rats (see 4), as indicated 
by ejection of milk and decrease in pituitary 
prolactin content. There is no evidence, how- 
ever, that release of prolactin following suck- 
ling is dependent on stimulation by oxytocin 
(4,5). In contrast to its inability to initiate 
lactation, oxytocin has recently been shown 
by Benson and Folley(6) and Benson e¢ al. 
(7) to maintain mammary secretion in post- 
partum rats after litter removal. This was 
confirmed in our laboratory(8,9) and by 
McCann eft al.(10). Inasmuch as prolactin 
also maintains mammary secretion in such 
rats (see 4), Benson and Folley(6) and Mc- 
Cann et al.(10) reaffirmed that the effects of 


-, oxytocin were mediated through inducing pro- 


lactin release. Absence of any direct evidence 
for the latter viewpoint has led us to examine 
the possibility that the action of oxytocin in 
maintaining mammary secretion in post- 
partum rats after litter removal is due to its 
well-established ability to induce ejection of 
milk from the alveoli into the larger ducts. 
Methods. Five groups of 5 rats each (Car- 
worth strain), weighing 200-250 g, were bred 
and on 4th day after parturition their litters 
were removed. Mammary secretion was sub- 
sequently maintained by injecting them sub- 
cutaneously as follows: Group 1, 1 mg pro- 
lactin? daily for 5 days; Group 2, 2 mg pro- 
lactin daily for 5 days; Group 3, 2 mg prolac- 
tin daily for 9 days; Groups 4 and 5, 1 IU 
oxytocinS twice daily for 5 days. About 16 
hours after last injection, a biopsy was taken 
from the right inguinal mammary gland of 
each rat under light ether anesthesia, and 30 
minutes later Groups 1-4 received an intra- 
peritoneal injection of 2 IU oxytocin and 
Group 5 an intraperitoneal injection of .85% 
saline. Ten minutes later, all rats except 
Group 2 were killed and remainder of right in- 
guinal mammary gland was removed. From 


t Prolactin (1 mg — 20 IU) was kindly dcnated 
by Endocrinology Study Section, NIH. 

§ Oxytocin was supplied through courtesy of Dr. 
D. A. McGinty, Parke, Davis and Co. 


119 


Group 2, biopsies were taken from right in- 
guinal mammary gland at 10 minutes and 1, 
2, 4 and 8 hours after oxytocin injection. 
Mammary tissues were sectioned and stained 
by standard histological methods, and exam- 
ined microscopically. 

Results. More mammary secretion was 
seen in Groups 1 and 2 after 5 days injection 
with prolactin than in Group 3 after 9 days 
of similar treatment. About the same amount 
of milk was seen in mammary alveoli of rats 
injected with oxytocin for 5 days (Groups 4 
and 5) as in Groups 1 and 2, but the mam- 
mary ducts were better filled with secretion in 
the former rats. Epithelial cells lining most 
of the alveoli of prolactin and oxytocin-in- 
jected rats were flattened by the secretion, 
and blood capillaries surrounding alveoli ap- 
peared closed. 

Gross and histological appearance of the 
mammary glands 10 minutes after intraperi- 
toneal injection of oxytocin was profoundly 
different from biopsies taken previously. 
When fresh mammary glands were first re- 
moved and viewed macroscopically through 
transmitted light, the ducts leading to the nip- 
ples were widely distended with milky secre- 
tion, in contrast to the very thin ducts in 
mammary glands prior to oxytocin injection. 
Microscopically, the mammary alveoli of oxy- 
tocin-injected rats were largely empty of se- 
cretion and were shrunken or collapsed, while 
the ducts were heavily swollen with secretion. 
In many sections, the distended ducts ap- 
peared to take up as much or more space than 
the alveoli in the mammary parenchyma. 
Some alveoli had ruptured and the secretion 
had apparently escaped into the stromal tis- 
sue spaces. In Group 5, injected with saline, 
the alveoli remained filled with secretion and 
could not be distinguished from control mam- 
mary biopsies taken prior to saline adminis- 
tration. Representative mammary sections 
are shown in Fig. 1-4. 

In Group 2, somewhat greater emptying of 
alveoli appeared to occur after one hour than 
10 minutes after intraperitoneal injection of 
oxytocin. Subsequently, little change was ob- 
served until the 8th hour, when a moderate 
amount of secretion had reappeared in the 
alveoli and the ducts were less distended. Ap- 
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FIG. 1-4. Histological sections of mammary glands from postpartum rats after litter removal: 

(1) From rat given 2 mg prolactin daily for 5 days. > 45. (2) From same mammary gland 10 

min, after intraper. inj. of 2 LU oxytocin. Note shrunken alveoli with relatively little secretion 

in contrast to engorgement of ducts. x 45. (3) From rat given 1 IU oxytocin twice daily for 

5 days. Note distended alveoli with flattened epithelial cells. x 135. (4) From same mammary 

gland 10 min, after intraper. inj. of 2 IU oxytocin. Note collapsed alveoli and milk in ducts. 
X 135. 
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parently, more than 8 hours was required to 
refill the alveoli after oxytocin administra- 
tion. Linzell(11) observed that alveolar dia- 
meter in mammary glands of mice increased 
10-fold 6 hours after milk removal by suck- 
ling litters. No comparable increase in al- 
veolar diameter was apparent in the mammary 
gland of unsuckled rats after oxytocin admin- 
istration. 

Discussion. These results show that in 
postpartum rats after litter removal, oxytocin 
induces ejection of milk into the larger duct, 
just as it does in rats from which milk is nor- 
mally removed by litters. It is probable that 
secretion from ruptured alveoli is ejected into 
stromal tissue spaces, although no such ma- 
terial was detected microscopically and may 
have been lost during staining procedures. 
Selye(12) did observe milk in the stroma of 
suckled rats from which milk could not be re- 
moved because the main ducts had been cut. 
Emptying of alveoli is believed to reduce the 
pressure against epithelial cells and the blood 
capillaries surrounding them, permitting more 
synthesis of milk under stimulus of circulating 
prolactin and other hormones. 

The fate of ejected secretion in ducts is not 
clear. It is probable that some is reabsorbed 
into the circulation, and some may flow back 
into the alveoli. Linzell(11) observed the 
latter phenomenon following oxytocin injec- 
tions in anesthetized mice from which milk 
was prevented from leaving the nipples. Rate 
of milk secretion by mammary glands of post- 
partum rats treated with prolactin or oxy- 
tocin after litter removal, is obviously much 
less than if milk is removed. Continuation of 
mammary secretion in non-suckled rats is be- 
lieved to depend on establishing an equili- 
brium between rate of milk produced and that 
reabsorbed into the circulation. 

Benson and Folley(6) do not believe that 
the action of oxytocin in maintaining mam- 
mary secretion in postpartum rats after litter 
removal is a direct one on the mammary 
gland, since they were unable to observe milk 
secretion following oxytocin injections into 
hypophysectomized rats. However, milk se- 
cretion cannot be maintained without stimu- 
lation from prolactin and ACTH(4). Re- 
cently, we reported that when oxytocin and 


prolactin were injected together into post- 
partum rats after litter removal, mammary 
secretion was maintained at a higher level and 
for a longer period of time than when prolac- 
tin or oxytocin were given alone(9,13). If 
oxytocin acted through increasing prolactin 
secretion, then oxytocin injections should 
have been ineffective when prolactin was also 
administered, and vice versa. Cortisol was 
found further to supplement the actions of 
these 2 hormones and permitted lactation to 
continue for 75 days. This suggests that the 
action of oxytocin in maintaining mammary 
secretion in postpartum rats after litter re- 
moval is a direct one on the mammary gland, 
and is not mediated through prolactin or 
other hormones. 

Summary. 1. Since no convincing evidence 
exists that the action of oxytocin in maintain- 
ing mammary secretion in postpartum rats 
after litter removal is due to prolactin re- 
lease, attempts were made to determine 
whether its effects were exerted directly on 
the mammary gland. After maintaining milk 
secretion in 25 such rats for 5 or 9 days by 
daily injections of prolactin or twice-daily in- 
jections of oxytocin, a mammary biopsy was 
taken from each rat. They were then given 
an intraperitoneal injection of 2 IU oxytocin 
or physiological saline, and 10 minutes later 
all except 5 rats were killed and the remain- 
der of the previously biopsied mammary gland 
was removed. Mammary biopsies from the 
remaining 5 rats were taken after 10 minutes 
and also 1, 2, 4 and 8 hours later. 2. His- 
tological examination revealed that prior to 
intraperitoneal oxytocin administration, most 
mammary alveoli contained considerable se- 
cretion and the ducts were relatively thin, 
whereas 10 minutes after oxytocin the alveoli 
appeared shrunken or collapsed with little or 
no secretion, and the ducts were widely dis- 
tended with milk. No notable increase in al- 
veolar filling followed until the 8th hour after 
oxytocin injection. Saline had no effect on 
mammary alveoli and they remained filled 
with secretion. 3. Ejection of milk from the 
alveoli into larger, ducts by oxytocin is: be- 
lieved to remove the pressure on epithelial 
cells which secrete milk and on blood capil- 
laries surrounding them, permitting synthesis 
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of more milk by circulating prolactin and 
other hormones. Milk ejected into ducts is 
believed to be gradually reabsorbed into the 
circulation, and some may flow back into the 
alveoli. These local effects of oxytocin on the 
mammary gland are believed to account for 
its ability to maintain mammary secretion in 
postpartum rats after litter removal. 
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BENNETT J. CoHEN (Introduced by Ralph R. Sonnenschein) 
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Steatorrhea in bile fistula dogs was reduced 
substantially following hourly return of the 
dogs’ own bile to the duodenum(1). The 
steatorrhea was greater when bile was re- 
turned every 4 to 8 hours, even though total 
cholic acid returned was the same. Thus, it 
appears that bile must be in the intestine 
nearly continuously to effect normal fat ab- 
sorption. However, complete correction of 
the steatorrhea of bile deprivation by con- 
tinuous return of bile has not been demon- 
strated. A modified Rous-McMaster bile fis- 
tula preparation(2) is described in this report, 
permitting free entry of bile to the duodenum, 
and restoration of normal fecal fat levels fol- 
lowing bile deprivation. 

Methods. Duodenal and gall bladder can- 
nulas were prepared for implantation with 
Tygon tubing (1/16” wall, 1/4” and 5/16” 
O.D. respectively, overall length approxi- 
mately 12” each). Two Tygon collars (Fig. 
1; a,b) and an abdominal wall brace (c,d) 
were cemented on each cannula with Tygon 
paint. The cannulas were then coated with 
a silicone preparation (Siliclad, Clay Adams, 

* Supported by research grants from Nat. Inst. of 
Arthritis and Metab. Dis, 


Inc.) to minimize bile sedimentation on the 
inner wall. Sterilization was accomplished 
by soaking in benzalkonium chloride (Zephi- 
ran, Winthrop Stearns, Inc.). Clogging of 
the duodenal cannula tip with intestinal con- 
tents was obviated by placing 144” slits bi- 
laterally in the intraduodenal segment (e). 
The surgical procedure was carried out asep- 
tically on mongrel female dogs weighing 9 to 
18 kg with due regard for the requirements of 
proper animal care. The common duct was 
ligated and sectioned. The cannulas were an- 
chored with a double row of purse string su- 
tures and brought through stab incisions in 
the right abdominal wall (Fig. 1). The bile 
cannula extended into the base of the gall 
bladder about 1%” (f), in a line with the cys- 
tic duct. A male luer fitting (g) and a stetho- 
scope fitting (h) were inserted. During bile 
collection periods the duodenal cannula was 
capped and bile was drained into a rubber 
balloon. During bile return periods the 2 
cannulas were connected to reestablish the 
enterohepatic biliary circuit. A many-tailed 
binder covered the cannulas. A balloon bag 
was pinned to the binder during collection 
periods. 30-50 ml of isotonic saline was in- 
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FIG. 1. Schematic representation of cannulas 
planted in duodenum and gall bladder. 


jected through the duodenal cannula every 
morning and evening to assure its patency. 
Test meals, fed once daily, starting approxi- 
mately one week after operation, were com- 
pletely consumed. They consisted of 300 g 
of canned dog food (Friskies, Carnation Co.) 
and 2 g of brewers yeast, to which varying 
amounts of oleic acid or triolein were added 
Feces were collected and refrig- 
erated for the last 3-5 days of 5-7 day test 
Fecal fat excretion was then esti- 
mated on duplicate aliquots of the total 
blended fecal sample as the petroleum ether 


(Table I). 


periods. 


soluble material extracted in 7 hours(3). 
Results. The experiments summarized 


Table I were carried out on 2 groups of ani- 


TABLE I. Fecal Fat Excretion in Normal 
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mals: on dogs which it is assumed suffered no 
bile deprivation since the gall bladder and 
duodenal cannulas were joined at time of op- 
eration and remained connected during the 
subsequent month of tests; and, on dogs fol- 
lowing one to three 5-7 day bile deprivation 
periods. None of these animals became visi- 
bly jaundiced during these tests. 

Inasmuch as large doses of oleic acid are 
poorly tolerated even by normal dogs(4), the 
slight but significant increase in level of fecal 
fat when 25 g of oleic acid was fed is not sur- 
prising. However, on all other regimes no 
significant difference in fat excretion between 
normal and operated animals occurred. This 
suggests that fat absorption was essentially 
normal in these operated animals. 

In the experiment summarized in Table II 
bile was collected for a 5-7 day period, fol- 
lowed by one, two, or three 5-7 periods of 
bile return on each diet. In all of these dogs 
fecal fat excretion was within normal limits 
(Table I) within 12 days after rejoining the 
cannulas. This means that steatorrhea in bile 
fistula dogs can be corrected by returning 
their own bile continuously. 

Discussion. Fecal fat excretion was nor- 
mal in operated dogs as long as 10 weeks after 
surgery (Table II). Thus, for studies requir- 
ing only periodic collection or sampling of bile 
this simple continuous return system might 
well keep animals in better condition than 
when no bile is recirculated, or when it is re- 


im- 


in 


Dogs and in Dogs Circulating Their Bile through the 


Cannula System. 


Feeal excretion/day 


Normal tf Operated—————_+ 
Total fat (g), Total fat (g), 
Food intake/day No. of dogs mean +S8.D. No. of dogs mean +S8.D. 
Without previous bile deprivation 
Control diet (300 g)* oF lOae 5 IlAO) Se oe 
Plus 25 g oleic acid 4 ise & 2 3.0 += 1.2 
a0) 3 ete 6 5.6 + 2.7 2 6.4 + 3.5 
” 50 g triolein 7 laff ae do) 3 iil Se 35} 
Following previous bile deprivation} 
Control diet (300 g)* 9t 10+ .9 : ae ete y 
i i 6 If se JLB} é pLae 4 
Plus 10 g oleic acid ; oe : ae 


25 g triolein 


* 10 g fat. f 

+ These controls are the same series. 
+ These animals are 
§ Group comparison: Operated vs norm 


the same as reported in Table II. 


al dogs fed the same diet, .02 <p <.00% 
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TABLE IIL. Time Course for Correction of Steatorrhea in 6 Bile Fistula Dogs. 


Feeal excretion, g total fat/day 


Control diet (10 g fat) 
Bile return 


Plus 25 g triolein 
Bile return 


Plus 10 g oleie acid 
Bile return 


period* period* period* 
Bile fistula iJ 2 3 Bile fistula 1 2 Bile fistula 1 2 3 
1g) 1.0 
12.6 6.9 1.6 8 
10.2 1.4 29.3 0.0 if 
8.6 9.1 29 25.0 5.0 1.0 15.0 3.0 eS 1.8 
15.8 1.9 8 13.0 4.1 1.0 eff 
ile TGP Ee 


* Bile return period 1: 
Idem 2: 12 
3 3: 12-17 
turned by stomach tube or other discontinuous 
technics. This system does not yet appear to 
be useful for more than 3 months. In many of 
the operated animals the gall bladder wall 
around the cannula eroded after this period, 
‘followed by leakage of bile and peritonitis. 
However, the animals exhibited surprising re- 
sistance to liver infections. While slight cho- 
langitis was evident, histological sections re- 
vealed significant lesions of the liver paren- 
chyma only in 3 dogs. In these 3 animals some 
evidence of hepatitis was present. 


Summary. Eleven bile fistula dogs, with 
common bile duct sectioned, were permitted 
to recirculate their bile by periodically joining 
together polyvinyl cannulas fixed in the duo- 
denum and gall badder and brought outside 
through stab incisions. In 6 of these dogs, 
fed varying amounts of triolein or oleic acid, 


7 days after reconnecting cannulas. 
2 Idem 2 
”? 


steatorrhea was corrected completely within | 
12 days after rejoining the cannulas. In 5— 
other dogs fed similar diets, but not subjected 
to prior bile deprivation, fecal fat excretion 
was within normal limits for period up to 30 
days. These results show that the steator- 
rhea of bile deprivation can be corrected by 
continuous bile return. 


Technical assistance of Stanley Duberman and 
Thelma J. Dean is gratefully acknowledged. 
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Effect of Dietary Calcium and Phosphorus Levels on Body Burdens of 


Ingested Radiostrontium.* 
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R. H. WASSERMAN AND C. L. CoMar 
Dept. of Physiology, N. Y. State Veterinary College, Cornell University, Ithaca, N.Y. 


Entry of radioactive strontium into the 
biosphere is one of the important consequences 
of fallout from nuclear explosions and much 


* Supported by Armed Forces Special Weapons 
Project through Contract DA-49-007-MO-897 ad- 
ministered by Surgeon General, Dept. of Army. The 
technical assistance of L. A. Cape is gratefully ac- 
knowledged. 


study has been given to interrelationships in 
the progression of fallout strontium and na- 
tural calcium through the food chain to hu- 
man population. Details of comparative be- 
havior of strontium and calcium in various 
species (under normal conditions and also 
during pregnancy and lactation) have been 
worked out and many of the findings con- 
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TABLE I. Differences in Experimental Conditions of Two Reports on Influence of Dietary 
Calcium on Retention of Skeletal Sr* in the Rat. 


Factors Wasserman et al.(10) Palmer et al.(11) 
Sex of rat fe) 
Age of rat Growing, young Non-growing, mature 
Ca supplement CaCO, Ca lactate 
P level Ca/P maintained constant P maintained constant 
Sources of isotopes Drinking water Diet 
firmed by independent methods(1-3). It is tained on their respective diets, were trans- 


important to understand the extent to which 
dietary modifications can alter the levels of 
radiostrontium to be attained and to know 
how one can best predict future radiostron- 
tium levels in various parts of the biosphere. 
Attention has recently been given to the ef- 
fect of dietary calcium levels on retention of 
radiostrontium. In early studies the calcium 
carrier and radiostrontium usually were ad- 
ministered in a single dose and skeletal reten- 
tion of radiostrontium measured shortly there- 
after; little or no effect of calcium was seen 
under these conditions(4-7). Subsequently, 
double tracer technics with radiocalcium and 
radiostrontium were developed in comparison 
with lifetime feeding methods for assessment 
of calcium-strontium relationships(8,9). By 
use of these technics and also longer term 
studies, Wasserman et al.(10) showed that 
increased dietary level of calcium would in- 
deed reduce proportionally the skeletal reten- 
tion of radiostrontium in the growing rat; 
they also explained why the short-term reten- 
tion of radiostrontium could not be used to 
predict steady-state body burdens. Palmer 
et al.(11) then published data to show that 
under certain experimental conditions an in- 
creased dietary level of calcium did not result 
in proportional decrease in retained radio- 
strontium in the mature rat. Table I sum- 
marizes the differences in experimental condi- 
tions used by the 2 groups of workers. The 
work reported here is an attempt to reconcile 
these apparently opposed findings, to explore 
further as to some of the factors that may be 
involved: comment is also offered on useful- 
ness and limitations in consideration of stron- 
tium behavior in terms of calcium. 

Methods. Details of procedure have been 
previously reported(10). Rats were initially 
placed on experimental diets for about 25 
days; at this time the animals, while main- 


ferred to individual cages and, for an addi- 
tional 7 days, were given drinking water la- 
beled with about 20 wc Ca* and 10 pe Sr*?/ 
liter as chlorides; these isotopes were essen- 
tially carrier-free. Water consumption and 
ingested radioactivity were estimated through 
use of graduated drinking tubes. In addition, 
body weight changes and feed consumption 
were determined during final 7 days. The 
rats were then killed and amount of Ca*® and 
Sr®* retained in both femurs determined by 
usual radiochemical procedures; the re- 
sults are expressed as “percentage of ingested 
dose.” The basal diet was as follows: ground 
yellow corn, 20%; dextrin, 29.2%; casein, 
17.7%; brewer’s yeast, 4.4%; Wesson oil, 
2.9%; calcium-free salt mixture, 1.6%; Vit. 
mixture containing adequate levels of thia- 
mine, riboflavin, pyridoxine, niacin, calcium 
pantothenate, choline, inositol, biotin, folic 
acid, Vit. By, p-aminobenzoic acid and Vit. 
A, DandE,1%. The rest of the diet, 23.2%, 
was made up of the calcium salt (usually cal- 
cium lactate), KeHPO, and cellulose fiber; 
the elevated levels of calcium and phosphorus 
salts replaced an equivalent weight of cellu- 
lose bulk. 

Results. Table II is a summary of a study 
designed to compare all experimental differ- 
ences except calcium/phosphate ratio and the 
source of tracers. Values for Observed Ratio 
(OR) compare reasonably well with previous 
data of Wasserman et al.(10) and indicate 
that major differences between the 2 groups of 
workers could not have been caused by sex, 
age, or type of supplement. In this study 
there appeared to be a small increase in OR 
value as a result of raising calcium and phos- 
phorus level of the diet; this increase, how- 
ever, was not large enough to have practical 
significance in relation to the effects of dietary 
calcium. In agreement with previous findings 


ORt 


Level in femur 
1.00 +.04 


Ca* 


(% ingested dose) 


wt (g) 
201 
163 


Final body 


Caleium 
intake 
(mg/day) 

91 
314 
TA 


Feed con- 
sumption 
(g/day) 
18.2 
14.1 


P(%) 


Dietary levels 
2.0 


Ca (%) 


Sex 


Age 


TABLE II. Influence of Age and Sex on the Effect of Dietary Calcium and Phosphorus on the Femur Retention of Ca® and Sr® in the Rat.* 


Group 
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& (1), the younger animals showed somewhat 
ates a= |S less discrimination against Sr* relative to Ca* 
Hit 414i) = than did older animals (OR for young was 
Aga aa > about 0.22 compared with 0.15 for the ma- 

= ture). 

: Table III presents data from a study in 
gee ert Ls which experimental conditions of Palmer e¢ al. 
7 ry 1 ri q 2 (11) were essentially duplicated, and the in- 
QW ot is teraction of calcium and phosphorus further 
Se is examined. In the mature rat, when dietary 

‘ level of calcium alone was raised, OR value 

= increased about 3-fold (from 0.13 to 0.38). 
So 5 See oie This agrees with the results of Palmer et al. 
By ua 2 (11). It can also be noted that raising phos- 
SE CEN phorus alone (Group III vs. Group I) had no 

a effect on relative retention. When both cal- 

e cium and phosphorus were raised, OR value 

z increased only from 0.13 to 0.20 (Group I 
dais oe 8 vs. Group IV). These results also indicate 
ae ae) eee Ne that the technic of incorporation of tracers in 

5 drinking water gives the same results as in- 

3 corporation in the diet. 
2s%vee E Another study investigated calcium and 
pees mm oh be: phosphorus relationships in the growing rat, 

3 and, in addition, determined the effects of in- 

= creased stable strontium on Ca*® and Sr®® re- 
SiS. esos tention (Table IV). It may first be noted 
Sr Baten merely that when dietary calcium alone was increased 

S there was only a small increase in OR value 

ip (Group II vs. Group I) [as expected from 

earlier work(10) and Table II]; this is in 

Be pi pete 5 contrast to behavior just described for mature 
3 animals. The effect of stable strontium is of 

5 particular interest. Rats in Group IV (0.5% 

De ee 14 Ca, 0.5% Sr, 0.4% P) showed a rachitic con- 

3 dition after 27 days on the diet, as indicated 

5 by (a) gross appearance of the femur, (b) de- 

= creased femur ash and (c) reduced deposition 

268. SSeS of both Ca*® and Sr*°. Simultaneous raising 

a of phosphorus and strontium levels (Group 

A Ss be V) overcame to a certain degree the rachitic 

Soy 2 effects of the strontium. It was of interest to 

2 ee pede observe that OR values for high strontium 
n Ss ert, = " with and without additional phosphorus were 
R 2% 2/2 about the same as for high calcium animals 

Se * i (Groups IV, V vs. Groups II, III). This 

€3 | means that stable strontium influenced radio- 
oe a = Ae calcium behavior in much the same way that 
Ree ee lee me calcium itself did. Supplemental dietary 

3 strontium is thus less useful than calcium for 
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TABLE IIT, Interaction of Dietary Calcium and Phosphorus on Femur Retention of Ca® and 
Sr* in Mature Rat.* 


Dietary levels 


Feed con- Caleium 


Level in femur 


Ca P. sumption intake Final body Ca*® Sr 
Group (%) (%) (g/day) (mg/day) wt (g) (% ingested dose) ORt 
aL 5 4 20.4 102 256 1.08 +.10 13 +.02 lS zeee(1 
IL 2.0 A 19.8 396 262 02+.04 12 +.01 38 +.04 
III 9) 1.2 20.2 101 253 Wel seOey) sila aE 0) 1 Set 
NY 2.0 1.2 21.8 436 259 Ye sei  A07/ se Ul 20 +.01 


* Six rats/group; values represent mean + stand. error of mean; Ca added as lactate and P 
as K,HPO,; animals on diets for 20 days prior to isotopes administration; 7 days on isotope 


feeding. 
Sr*/Ca* of bone 
if OUR = : 
Sr*/Ca* of diet 


reduction of Sr* burdens, because strontium 
at levels that would produce an appreciable ef- 
fect also causes toxic side-effects; in addition, 
the discrimination by the intestinal barrier 
against strontium in favor of calcium would 
immediately reduce the parenteral concentra- 
tion of strontium in contrast to the concentra- 
tion of absorbed calcium. 

Discussion. To predict the effect of dietary 
calcium or other dietary additives on the body 
burden of continuously ingested radiostron- 
tium, it is most often necessary to compare re- 
tention of radiocalcium with that of radio- 
strontium. This is especially important when 
the experiment is done over a relatively short 
portion of the life span of the animal. Dif- 
ficulties of interpretation mainly arise as a 
result of the adaptation of the animal to 
dietary changes. Although an increased in- 
gestion of calcium may result in an immediate 
increase in utilization of calcium, the animal 
eventually will adapt such that the net reten- 


tion of calcium is essentially independent of 
dietary calcium, within reasonable limits. By 
comparing Strontium-Calcium Observed Ra- 
tio (OR)t as defined by Comar et al.(9), the 
long term effect of dietary calcium can be pre- 
dicted as follows: If an elevated dietary cal- 
cium does not alter the ORaiet-pone, it would 
then be apparent that, with time, the body 
burden of Sr* would be decreased inversely to 
increased calcium. Thus, the Observed Ratio 
(OR) can be of primary importance in pre- 
diction of long-term behavior. 

A general comment is in order about varia- 
bility that might be expected in the differen- 
tial behavior of calcium and strontium in the 
mammal. The earliest observation had shown 
that strontium, in general, had a metabolic 
behavior similar to that of calcium. Substances 
that modified calcium behavior, also modified 
strontium behavior in a similar way (Vit. D, 
parathormone, lactose). Subsequent quantita- 
tive studies showed that there were differences 


TABLE IY. Interaction of Dietary Calcium, Strontium and Phosphorus Levels on the Femur Retention 
of Ca* and Sr® in the Growing Rat.* 


Dietary levels Alkaline Level in femur 
4 Feed con- earth Final Femur 
Ca Sr 12 sumption intake body ash wt Ca® Site 
Group ———(%)—— (g/day) (mg/day) wt (g) (ng) (% of ingested dose) ORt 

I ao) 4 14.7 73 143 122 247+.16 .664+.06 .26 +.01 
Jue 1.0 4 Sei Heyl iyi 121 1.50 +.06 .48+.02 .32 +.02 
LIT 1.0 8 12.2 122 145 112 172-607 40404 23201 
IV a5) 5) 4 14.5 145 103 47 0 =+.05 .22=-.02 .32 ==.01 
V ews. 68 10.9 109 120 79 1.96 4.10 524.04 .27+.01 


* Six rats/group; values represent mean + stand. error or tne mean ; calcium and strontium additions 


given as acetate salts, phosphorus as K,HPO,. Rats on diets for 14 days prior 


thereafter. 
Sr*/Ca* of bone 
TRO == 


Sr*/Ca* of diet 


+ See Table II. 


to isotopes and 7 days 
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in behavior possibly related to the type of ion 
transport, i.e., absorption from the gut, reab- 
sorption in the tubules, transfer across the 
placenta, and secretion into milk(1). 

Examination of data obtained by indepen- 
dent methods in many laboratories and many 
countries indicated that under usual dietary 
conditions OR values fall within a reasonably 
narrow range, with few indications of varia- 
tion as high as a factor of two(2). It was also 
shown in early work that certain dietary modi- 
fications in the rat such as use of milk, lactose 
or lysine would decrease the discrimination 
against strontium relative to calcium by as 
much as a factor of two(1). In the very 
young rat, discrimination was also decreased 
(1). The present work shows that increased 
calcium with a high Ca/P ratio in the mature 
rat will also decrease discrimination, 7.¢c., cause 
an increased OR value. 

With the realization that OR values can be 
varied by unusual conditions in individuals, it 
seems that the concept can be of value when 
properly used for the following purposes: (a) 
estimation of levels of radiostrontium in local 
areas of bone since the Sr*/Ca of newly form- 
ing bone is related to Sr*/Ca of the contem- 
porary diet, (b) estimation of body burdens 
and local concentrations to be attained in 
populations from knowledge or estimates of 
Sr*/Ca ratios to be attained in food sources, 
(c) estimation of effects of life-time dietary 
changes from short-term experiments. 

It is emphasized that the concepts of Sr-Ca 
action should be used where they can provide 
advantages; likewise, data must also be ob- 
tained and reported concurrently on ab- 
solute levels of calcium and radiostrontium 
in the biosphere so that these data can 
also be used as necessary. Such data are 
needed when it is required to sum the various 
constituents of a diet to give the Sr-Ca ratio 
in the total diet. 

The reported differences in the effect of 
dietary levels on radiostrontium behavior (10, 
11), can be explained as follows: In young, 
growing rats increase of dietary calcium, with 
or without proportionate increases of dietary 
phosphorus, caused little or no change in rela- 
tive retention of calcium and strontium. In 
the mature rat, an increase of dietary calcium 
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alone caused about a 3-fold decreased reten- 
tion of radiocalcium as compared to radio- 
strontium retention; when dietary phosphorus 
was also increased the effects on Ca* and Sr* 
were more nearly similar. The reasons for 
this behavior must ‘be related to the mechan- 
isms of handling the 2 elements which prob- 
ably differ with age of the animal. These as- 
pects are now under active study. 


It must be pointed out that these observa- 
tions should not be used as a basis for recom- 
mendation of changes in human or animal 
dietaries. Consideration would have to be 
given to such matters as the extent to which 
the dietary modification proposed would ac- 
tually change the body burden of radiostron- 
tium under the given conditions. Also, it 
would have to be determined whether or not 
the long term feeding of increased calcium 
would have deleterious effects on a population 
or individual basis that would outweigh the 
benefit to be gained by any reduction in the 
radiostrontium burden. 


Summary. It is emphasized that long term 
effects of dietary constituents on radiostron- 
tium must be determined either by long term 
experiments or predicted from double tracer 
technics. Previous reports in disagreement 
as to the effect of increased dietary calcium on 
radiostrontium have been reconciled with pre- 
dictions as follows: (a) in immature rats, ele- 
vated dietary calcium levels (within physio- 
logical ranges) with or without increased phos- 
phorus levels would almost proportionately re- 
duce the body burden of dietary radiostron- 
tium, (b) in mature rats, elevated dietary cal- 
cium levels alone would not proportionately 
reduce the radiostrontium and (c) in mature 
rats, simultaneous increases in dietary cal- 
cium and phosphorus levels would to some de- 
gree reduce the ultimate body burden of radio- 
strontium. 
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Erythropoietic Factor in Kidney Tissue of Anemic Dogs.* (25435) 


JEAN-PIERRE Naetst 


(Introduced by John H. Lawrence) 


Donner Lab., and Lawrence Radiation Lab., University of California, Berkeley 


In previous communications it was shown 
that bilateral nephrectomy abolished erythro- 
poiesis in the dog(1) and that ureter ligation 
did not impair this function despite the same 
degree of uremia and malnutrition(2). In 
other studies an erythropoietic factor was 
demonstrated in plasma and urines of bled 
dogs(3) and disappearance of this factor was 
shown to occur after bilateral nephrectomy 
(4). These results agree with experiments by 
Jacobson ef al.(5) on the rat and suggest 
that the kidney is the source of an erythro- 
poietic stimulating factor. Several attempts 
to point out the erythropoietic factor in acidi- 
fied boiled filtrates from kidney and other or- 
gans(6,7,8) have been unsuccessful. This 
study was an attempt to demonstrate erythro- 
poietic stimulating activity in kidney homo- 
genates. 

Materials and methods. Fifteen mongrel 
dogs weighing between 13 and 25 kg were 
used. Three were acutely bled to a hema- 
tocrit of 14—9% in 6 hours at which time 
they were bled to death by femoral puncture. 
Twelve were made anemic (hematocrit 19— 
5%) by bleeding for 3 to 5 days. In ‘this 
group 6 dogs were unilaterally nephrectomized 
10 to 20 days before bleedings; the removed 


* This study is based on work performed under 
contract with U. S. Atomic Energy Comm. 

+ Charles Pecher post-doctoral Fellow at Universi- 
ty of California on Fulbright Travel Grant. Present 
address: Brugmann University Hospital, University 


ot Brussels. 


normal kidneys were used as normal controls. 
Blood volume was maintained by Dextran in- 
fusion as described elsewhere(3). Some dogs 
died from anemia and the kidneys were taken 
immediately after death; in other experiments 
the kidneys were removed under nembutal 
anesthesia before the animal’s death. In 8 ex- 
periments the liver was also removed and in 
5 the spleen. Removed organs were kept 
frozen until used. Kidney, liver and spleen 
tissue were ground with saline in a Waring 
Blendor for 3 to 5 minutes; saline volume 
added 150% of the weight of each organ; the 
tissue suspension was filtered through gauze 
and injected subcutaneously into rats without 
further treatment. Erythropoietic activity of 
organ suspensions was measured by Fe’? red 
cell incorporation assay on starved rats(9), as 
described in previous paper(3). Recipient 
rats received 3 ml of organ suspension subcu- 
taneously daily for 2 successive days before 
Fe injection. Four to 10 rats were used for 
each determination. Controls consisted of un- 
injected rats and groups receiving normal kid- 
ney suspension, “anemic” liver suspension and 
“anemic” spleen suspension. After organ 
emulsion injections all rats developed ab- 
scesses at the site of injection and of the 
253 rats used, 26 died from the toxicity of 
the material injected; no difference in toxi- 
city was noticed for the extracts from differ- 
ent tissues. Hematocrits were measured in 
Wintrobe tubes by centrifugation at 3,000 
rpm for 3Q minutes. Hemoglobin was deter- 
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mined by the method of Crosby (Cyanmethe- 
moglobin method)(10). Plasma iron level 
determinations were made by technic of 
Peters e¢ al.(11). 

Results are summarized in Table I. Rats 
injected with “anemic” kidney tissue showed 
larger uptake of Fe into red cells than those 
injected with normal kidney, “anemic” liver 
and “anemic” spleen. After “anemic” kidney 
injection the uptake was 15.0% (from 9.9 to 
20.5%) while after normal kidney, “anemic” 
liver or “anemic” spleen injections it averaged 
9.1% (4.7 to 14.6%), 10.6% (8.3 to 14.0%), 
and 9.9% (4.5 to 20.1%) respectively. 

The significance of the difference in Fe?” 
uptake, between groups of rats injected with 
“anemic” kidney emulsion and rats receiving 
other tissue emulsions, is indicated at the bot- 
tom of Table I. After only 6 hours bleeding 
(dogs No. 38, 40 and 44), “anemic” kidney 
suspension induced increased Fe’ uptake. 
Twenty-six control rats were injected with 
normal kidney and compared with 25 rats re- 
ceiving “anemic” kidney from dogs No. 38, 40 
and 44 (Table I); iron uptake was 7.1% + 
3.1 after injection of normal kidney and 
13.4% + 6.6 after “acute anemic” kidney ad- 


ministration. The difference between these 
two values (anemia of 6 hours duration) is 
significant. 

Discussion. It can be seen from the Table 


that Fe®® uptake is similar after injection of 
normal kidney, “anemic” liver and “anemic” 
spleen but higher than iron uptake observed 
in uninjected starved rats. This increased 
iron uptake seems to be nonspecific and could 
be related to the caloric content of the admin- 
istered material(9). Nevertheless the caloric 
content of 3 ml of organ suspension (which 
corresponds to 1.2 g wet tissue) is low, about 
2 calories. It is unlikely that ‘“‘anemic” kid- 
ney is more calorigenic than normal kidney or 
“anemic” liver. 

The possibility exists that injected foreign 
proteins lower the plasma iron level in the re- 
cipient rats, thus increasing the Fe®? uptake 
into red cells(12). In order to test this pos- 
sibility, plasma iron level was measured in 
pooled rat plasma obtained by centrifugation 
of blood taken for Fe*® uptake measurements. 
The results are presented in Table II. After 


tissue injections the plasma iron level was 
lower than in uninjected starved rats. This 
lower plasma iron level, together with the few 
calories injected could explain the higher Fe” 
uptake observed after injection of organ sus- 
pensions. On the other hand, Table IT dem- 
onstrates that injected anemic kidney tissue 
did not decrease plasma iron level of the re- 
cipient rats more than normal kidney and 
“anemic” liver injections. This suggests that 
the higher iron uptake obtained after anemic 
kidney injection was related to an erythro- 
poietic factor present in the tissue. This fac- 
tor does not come from the anemic plasma 
contained in the kidney since even if very ac- 
tive the amount of contained plasma was too 
small to induce increased Fe*® uptake. Injec- 
tions of 2 to 6 cc of anemic dog plasma are re- 
quired to induce increased iron uptake in 
starved rats(3,4); furthermore, “anemic” 
liver and “anemic” spleen contain about the 
same amount of active plasma as “anemic” 
kidney. 

Although erythropoietic activity of the kid- 
ney of anemic dogs was not sufficiently greater 
than that of other tissues to demonstrate con- 
clusively the importance of the kidney in 
erythropoietin production, it was sufficient to 
indicate that with adequate methods of iso- 
lating and concentrating the activity from 
crude homogenates a conclusive demonstra- 
tion might be possible. Fractionation pro- 
cedures are being investigated. 

Summary. Homogenates of kidney, liver 
and spleen tissue from normal and anemic 
dogs were assayed for erythropoietic activity 
by their effect on Fe red cell incorporation 
in starved rats. A slightly higher incorpora- 
tion resulted from administration of an ex- 
tract of anemic kidney than from extract of 
normal kidney or anemic liver or anemic 
spleen. This difference was sufficient to sug- 
gest the importance of developing methods for 
concentrating and purifying the erythropoietic 
activity of tissue homogenates to help clarify 
the role of kidney in production of erythro- 
poietin. Methods for fractionation and con- 
centration are being investigated. 
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Kurther Studies on Effects of Tranquilizing Drugs on Mammary Involution 


in the Rat.* 
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G. K. BENson (Introduced by R. Gaunt) 
Nat. Inst. for Research in Dairying, Shinfield, Reading, Berkshire, England 


Oxytocin administration inhibits mammary 
involution in rats after removal of the litter at 
fourth day of lactation, and it was suggested 
that oxytocin elicits prolactin release under 
these conditions(1,2). Later, following re- 
ports of its lactogenic effects in several species 
(3-7), it was shown that reserpine resembles 
oxytocin in showing a striking effect in retard- 
ing mammary involution in the rat(8). It was 
of interest to study effects on mammary invo- 
lution of other tranquilizing drugs, and the 
present paper describes experiments carried 
out with chlorpromazine, reported to cause 
galactorrhoea in women(9,10), and syrosingo- 
pine (Singoserp), an analogue of reserpine 
possessing hypotensive properties similar to 
those of reserpine, but with a considerably re- 
duced central sedative action(11,25). To 
throw light on the mechanism of action of 
reserpine, the effects of hypophysectomy and 
of adrenalectomy on reserpine-induced paren- 
chyma maintenance have been investigated. 
Further, in view of claims that the pharma- 
cological action of reserpine may be due to al- 
tering the serotonin-binding capacity of brain 
cells(12,13), the effects of serotonin on mam- 
mary involution have been studied; and since 
reserpine has been reported to release hista- 


* The author is indebted to Ciba Inc., N. ss 
through courtesy of Dr. R. Gaunt, for grant to cover 
cost of publication. 


mine from blood platelets(14), the effect of » 
this substance on mammary involution was 
also investigated. 

Materials and methods. Hooded Norway 
rats were used, 2-3 months old, undergoing 
first lactation. Stock colony diet(15) was 
fed ad lib.; daily food and water consumption — 
was recorded. After parturition all litters 
were reduced to 9 young on first day of lac- 
tation, and to 8 on second day. Litters were 
weighed daily to check lactational perform- 
ance of the mother, and mothers were also 
weighed daily as in previous experiments. Lit- 
ters were removed on 4th day of lactation 
when treatment began and when operations, 
if any, were carried out. Substances admin- 
istered during treatments were a) Reserpine 
(Serpasilt), b) Syrosingopine (Singoserp?), 
c) Chlorpromazine (Largactil, May & Baker 
Ltd.), d) 9 a fluorocortisol (FC) supplied as 
acetate by E. R. Squibb & Sons, N. J.; this 
was administered in suspension in 0.5 ml car- 
boxy-methylcellulose (CMC) solution, e) 
Serotonin, supplied as creatinine sulphate by 
May & Baker Ltd., f) Histamine, supplied as 
acid phosphate by British Drug Houses Ltd. 
Full details of experimental groups, dosages, 


t Kindly supplied by Mr. C. W. S. Taylor, Ciba 
Labs., Horsham, Sussex. 

+ Kindly supplied by Dr. R. Gaunt, Ciba Inc, 
Summit, N. J. 
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etc. are included in Table I. At end of treat- 
ment period, which except where otherwise 
stated lasted 9 days, mammary tissue was 
studied histologically, alveolar maintenance 
estimated by determination of percentage par- 
enchyma(2). Various other organs were re- 
moved, weighed, and preserved for histology. 
Where appropriate, brain and pituitary region, 
suitably trimmed, was sectioned after decalci- 
fication, and checked for pituitary remnants. 

Results. Reserpine and Syrosingopine. In 
this experiment both drugs were made in citric 
acid-glycol vehicle, as follows:—citric acid 
anhydrous 0.25%; benzyl alcohol 2% ; poly- 
ethylene glycol 10%; distilled water qs. 
100%. Stock solutions were diluted to enable 
necessary quantities to be injected in 0.1 ml 
of the vehicle. 

Mammary gland involution was retarded to 
a similar degree by all treatments except lower 
dose of syrosingopine, where maintenance was 
less well-marked (Table I). The control group 
showed some maintenance, quantitatively 
similar to that previously found for intact ani- 
mals receiving ACTH(16,17), and may there- 
fore be due to a non-specific stress effect of 
the vehicle. As in previous experiments(8) a 
significant decrease in uterine weight was ob- 
served as a result of reserpine treatment, 
though not after syrosingopine treatment 
(Table I), and histological examination indi- 
cated that in the control group, weaning was 
followed by return to normal ovarian cyclic 
activity. This finding was borne out by ab- 
sence of mucification in the control vaginae; 
the vaginae of 9 of reserpine-treated animals 
and 7 of syrosingopine-treated animals were 
mucified. As before(8) thymus weights were 
depressed by reserpine at both dose levels, 
particularly the higher, and also, by syrosingo- 
pine at higher dosage. Adrenal weights were 
increased by higher dose of reserpine but sur- 
prisingly a slight decrease in mean adrenal 
weight was observed in the lower dosage 
group. Syrosingopine had no effect. 

Depression of body weight previously noted 
after administration of 100 pg reserpine daily 
(8) was again observed, but all other treat- 
ments resulted in significant gains in body 
weight. The higher dose of reserpine was ob- 
viously in the toxic range, since animals so 
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treated exhibited severe diarrhoea and deteri- 
oration in coat condition. Syrosingopine did 
not produce effects of this nature. 

Chlorpromazine. Dosages were higher than 
those reported by Sulman & Winnik(18) to 
depress cyclic ovarian activity in rats. How- 
ever, chlorpromazine was much less effective 
than reserpine in retarding mammary involu- 
tion, though at the higher dose level it was 
somewhat more potent than the lower dose 
level of syrosingopine (Table I). Ovaries of 
the treated groups were significantly lighter 
than those of control group, but no significant 
differences in uterine weight were apparent. 
Histological examination showed evidence of 
ovarian cyclic activity in some treated ani- 
mals, as in all control animals. Treated ani- 
mals not showing resumption of ovarian cyc- 
lic activity had mucified vaginae. Ovaries of 
the control group contained many very large 
corpora lutea. Little influence on adrenal 
and thymus weights was apparent, though the 
lower dose level appeared to have depressed 
adrenal weight below the control value. The 
depressive effect on body weight after reser- 
pine treatment (Table I) was not a feature of 
chlorpromazine administration. 

Reserpine in hypophysectomized animals. 
All hypophysectomized and sham operated 
animals lost weight rapidly during treatment 
period. By the 6th day after operation, 3 
hypophysectomized animals were in a parlous 
condition, and were therefore killed, 3 controls 
were killed on equivalent day to match them. 
The other 2 hypophysectomized animals sur- 
vived to the 13th day after parturition, when 
they and remaining controls were killed. No 
residual fragments of anterior pituitary were 
detected in hypophysectomized animals in 
sections of brain. 

Involution of mammary tissue in hypophy- 
sectomized animals was quite clearly unaf- 
fected by reserpine. Even in rats killed on 
10th day of lactation, marked involution had 
occurred (Table I). In contrast, adminis- 
tration of reserpine to the control group again 
sustained integrity of the parenchyma to a 
marked degree. In these sham-operated ani- 
mals percentage parenchyma. values indicated 
no fall-off in degree of maintenance between 
10th and 13th day of lactation. In hypophy- 
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sectomized animals, reduced organ weights 
presumably reflected absence of trophic hor- 
mones. In controls, reserpine greatly de- 
pressed thymus weights, and some elevation 
of adrenal weight was apparent. Depressed 
ovarian and uterine weights in these sham- 
operated animals expressed lack of cyclic 
function, borne out by atrophic appearance of 
these organs when examined histologically. 
Vaginae of several sham-operated groups were 
mucified. Over the 6-day period, body 
weight of hypophysectomized animals de- 
creased at significantly higher rate than did 
controls, but at 13 days, loss of body weight 
in both groups was about equal, and similar to 
that previously reported after reserpine ad- 
ministration(8). Food consumption did not 
vary significantly over the 6- or 9-day period 
and was low throughout both groups. Water 
consumption was generally higher in hypo- 
physectomized animals. 

Reserpine in adrenalectomized animals. 
Dosage of FC in this experiment has previ- 
ously been shown to give a considerable de- 
gree of lactation maintenance in adrenalecto- 
mized rats(19). Combined effects of the op- 
eration and reserpine treatment resulted in 
rapid loss of condition in a number of the 
group receiving reserpine alone, confirming 
findings of Gaunt e¢ al.(20) and 4 of these 
animals were either dead at 9th day of lac- 
tation or were killed because of their condi- 
tion. Four of control saline-injected group 
were therefore killed on 9th day of lactation, 
thus leaving 2 animals in each of these 2 
groups, all of which survived to 13th day 
(Table I). All animals receiving corticoid in 
addition to reserpine and controls receiving 
CMC solution survived to 13th day. 

Over 5-day and 9-day treatment reserpine 
alone had some effect in maintaining the mam- 
mary gland in absence of adrenals (Table I), 


though degree of maintenance was by no 


means as marked as in intact animals already 
described(8). However, when FC was admin- 
istered in addition to reserpine a very marked 
degree of maintenance was achieved (Table 
I). Little significant information can be de- 
rived from organ weights which differed 
widely within groups. Histological examina- 
tion of uteri, ovaries and vaginae revealed 


little sign of cyclic activity within reserpine 
treated groups, vaginae generally being mu- 
cified. In control groups, however, some 
uteri and ovaries showed clear evidence of a 
return to normal ovarian cycles following 
weaning. 

Serotonin. The dosage used (250 pg 3 & 
daily) was referred to the 5 H-T base, and 
each dose was contained in 0.5 ml 0.9% sa- 
line. No marked effects were observed with 
respect to maintenance of mammary paren- 
chyma, either qualitatively or quantitatively 
(Table I). There were no significant effects 
on organ weights, except for an increase in 
adrenal weight after serotonin administration. 
Body weights and food and water intakes were 
not affected. 

Histamine. Each dose (1 mg 3 X daily) 
was contained in 0.5 ml saline. No effects of 
mammary involution were observed (Table 
I), and there were no effects on organ weights, 
body weight, or food and water intakes. 

Discussion. That reserpine retards mam- 
mary involution in rats(8) has been amply 
confirmed in this experiment. This finding, 
together with histological studies on uteri and 
vaginae, supports the view, first suggested by 
lactogenic responses(3-7, 21), that reserpine 
released prolactin. Syrosingopine was less ef- 
fective in retarding mammary involution than 
was reserpine. In view of the reduced central 
sedative action of this analogue the finding 
lends support to the theory that prolactin re- 
lease by these drugs is achieved by suppres- 
sion of a center in the hypothalamus which 
normally inhibits prolactin release. 

It is interesting that the retarding action of 
chlorpromazine on mammary involution was 
jess than one-fiftieth of that of reserpine on a 
weight for weight basis, although dosages used 
were larger than those previously reported to 
depress anterior-pituitary function in rats 
C13)" 

The possibility that the effects on mam- 
mary involution are due to a direct effect of 
reserpine on the mammary gland receives no 
support from the experiment with hypophy- 
sectomized animals, retardation of mammary 
involution being obtained only in sham-oper- 
ated rats. This finding, together with supple- 
mentary observations on uteri and vaginae, 
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supports the inference that the pituitary gland 
is involved, as in experiments with oxytocin 
(2). However, whether or not this is due to 
a “permissive action” of anterior-pituitary 
hormones cannot be determined on the basis 
of this work. 

Unlike hypophysectomy, adrenalectomy 
does not totally impair the effect of reserpine 
on retardation of mammary involution, 
though it markedly diminishes it, the full 
reserpine effect being restored by corticoid ad- 
ministration. Reserpine appears to stimulate 
ACTH release, indicated here by changes in 
thymus and adrenal weight, and also reported 
elsewhere(20,22). It might be thought that 
its effects in these experiments could be at- 
tributed to ACTH release in view of the es- 
tablished importance of this hormone in lac- 
tation(23). However, both ACTH and 
adrenal corticoids, including FC, have previ- 
ously been shown in similar experiments to 
possess only a relatively slight effect in retard- 
ing mammary involution in intact animals(16, 
17,24). It therefore seems unlikely that the 
whole of the reserpine effect can be attributed 
to stress-induced release of ACTH. The com- 
parative failure of reserpine to retard mam- 
mary involution in adrenalectomized animals, 
unless corticoids are administered, may be 
explained in terms similar to those suggested 
in connection with oxytocin-induced release of 
prolactin in adrenalectomized animals(17), 
7.€., in absence of adequate levels of adrenal 
steroids, secretion of prolactin by the anterior 
lobe is reduced. 

The general lack of effect of syrosingopine 
on adrenal and thymus weights in these ex- 
periments confirms the findings of Chart, 
Renzi & Gaunt (personal communication) 
who also observed no adrenal weight increase 
following chronic administration of this sub- 
stance, and is in harmony with their observa- 
tions that reserpine is 5 or more times as po- 
tent as syrosingopine in causing adrenal 
ascorbic acid depletion. The results reported 
here do not confirm the findings of Meites 
et al.(26) that serotonin retarded mammary 
involution in the rat, and they lend no sup- 
port to the possibility that action of reserpine 
in retarding mammary involution may be me- 
diated by serotonin or histamine. These find- 


ings conform with those of Sawyer(5) who 
observed no mammary activation following 
injections of serotonin into the cerebral ven- 
tricles of suitably prepared rabbits. Reser- 
pine was, however, effective in stimulating 
mammary growth and secretion when admin- 
istered in this way. 

In general, our findings are in keeping with 
the suggestion discussed elsewhere(27), that 
the effects of reserpine on the mammary gland 
(both lactogenic and involution-retarding ef- 
fects) are due to removal of a hypothalamic 
inhibition of prolactin release. 

Summary. 1. In rats, following weaning 
of litters on 4th day of lactation, administra- 
tion of syrosingopine (50 ug daily) for 9 days 
had much less effect than the same dose of 
reserpine on retardation of mammary involu- 
tion, but was similar in effect at a higher dose 
level (100 pg daily). 2. Chlorpromazine (2.5 
mg and 5 mg daily) also had a lesser retarding 
effect on mammary involution than reserpine. 
3. No noticeable effects on mammary involu- 
tion were observed after administration of 
serotonin (250 wg 3 X daily) or histamine (1 
mg 3 x daily). 4. Reserpine (100 yg daily) 
had no effect on mammary involution in hy- 
pophysectomized animals. 5. In adrenalec- 
tomized animals some involution-retarding ef- 
fect of reserpine (100 yg daily) was still ap- 
parent and was greatly enhanced by addition 
of 9a fluorocortisol. 6. Reserpine, at higher 
dose level, depressed food consumption and 
body weight, and retarded return of normal 
cyclic function after weaning as did the higher 
dose of syrosingopine to a_ lesser degree. 
Marked effects on thymus and adrenal weights 
after reserpine administration indicated that 
ACTH secretion is stimulated by the drug, 
but neither syrosingopine nor chlorpromazine 
treatment resulted in any apparent stimula- 
tion of ACTH release. 7. The significance of 
these findings in relation to a possible hypo- 
thalamic inhibition of prolactin release is-dis- 
cussed. ; 
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Indirect Evidence of Synthesis of Norepinephrine from 3-Hydroxy- 


Tyramine-1-C" in vivo.* 


(25437) 


M. GotpsTEINn, A. J. FRIEDHOFF, C. SIMMONS AND N. N. PROCHOROFF 
(Introduced by N. Nelson) 
Dept. of Psychiatry and Neurology, Psychopharmacology Research Unit, 
N.Y. U. College of Medicine 


Considerable evidence is available that 3- 
hydroxytyramine is, in vitro, a precursor of 
norepinephrine(1,2,3). However, little evi- 
dence is available about the formation of nore- 
pinephrine from 3-hydroxytyramine in the in- 
tact animal. The low rate at which 3-hy- 
droxytyramine is utilized for conversion into 
norepinephrine, as well as the high rate of 
metabolism of 3-hydroxytyramine and nore- 
pinephrine im vivo makes it difficult to demon- 
strate this reaction directly in the intact ani- 
mal. Since Axelrod(4) has shown that the 
main metabolite of norepinephrine is 3-me- 
thoxy-norepinephrine, it occurred to us that 


* This investigation supported by grant from Nat. 
Inst. Health, and presented in part to Fed. Am. Soc. 
for Exp. Biol., Atlantic City, April, 1959. 


conversion of 3-hydroxytyramine to norepine- 
phrine could be demonstrated in vivo indi- 
rectly by isolation of the end product of bio- 
synthesis, namely, 3-methoxynorepinephrine. 
Also, since various kinds of stresses have been 
reported to increase excretion of norepine- 
phrine, it seemed likely that excretion of 3- 
methoxynorepinephrine would be affected un- 
der these conditions. 


Materials. Iproniazid phosphate was kindly 
supplied by Hoffmann-La Roche; 3-hydroxy- 
tyramine-1-C' was obtained from New Eng- 
land Nuclear Corp.; 3-methoxytyramine-1- 
C4 was isolated from urine of rats treated 
with iproniazid; 3-methoxynorepinephrine, 3- 
methoxyepinephrine and 3-methoxytyramine 
were kindly supplied by Sterling-Winthrop 
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Research Inst.; and hog kidney acylase was 
obtained from Nutritional Biochemicals Corp. 

Methods. Groups of 6 rats were treated 
with 100 mg/kg of iproniazid and 100 pg 
of 3-hydroxytyramine-1-C!*, injected daily. 
Urine was collected for 24 hours, and samples 
were hydrolyzed at pH 2 by refluxing them 
under nitrogen for 30 minutes. After cooling 
to room temperature, the urine was extracted 
4 times with ethyl acetate. The organic layer 
contained all of the acid metabolites of 3-hy- 
droxytyramine, which were further separated 
by paper chromatography(5). The aqueous 
layer was adjusted to pH 4, and the amines 
were acetylated as described previously(6). 
The acetylated amines were extracted into 
methylene chloride, and aliquots of the con- 
centrated extracts were applied for chromato- 
graphic separation in the “C” solvent system 
of Bush(7). Dry chromatograms were then 
scanned in a calibrated counting chamber, so 
as to locate all radioactive zones. Material in 
the radioactive zones was eluted with methyl 
alcohol and concentrated under nitrogen. Ali- 
quots of concentrated eluates were dried on 
planchets, and radioactivity measurements 
were made with Tracerlab SC-16 windowless 
flow counter on duplicate samples for a time 
to assure an accuracy of + 5%. Deacetyla- 
tion. Dry samples of the acetylated cate- 
cholamines or methoxycatecholamines were 
dissolved in 1 to 2 ml water, and 50 to 100 mg 
of hog kidney acylase was added. The mixture 
was incubated 3 hours at 37°C, with air as 
the gas phase. At end of incubation, O-acetyl 
groups were removed and J-acety] derivatives 
were extracted from the aqueous phase into 
ethyl acetate. The combined ethyl acetate 
extract was concentrated im vacuo, and ali- 
quots were chromatographed in the “C” sys- 
tem of Bush for 24 hours, then in amyl alco- 
hol-water for 12 hours, or in a chloroform- 
formamide solvent system overnight. Me- 
tabolism of 3-methoxytyramine-1-C''. A 
group of 6 rats was treated with 100 mg of 
iproniazid/kg, and 25 wg of 3-methoxytyra- 
mine-1-C!*, were injected daily. Urine sam- 
ples were collected for 24-hour periods during 
6 days. Urine was treated as described above 
and radioactive 3-methoxytyramine and 3- 
methoxy-4-hydroxyphenylacetic acid were 
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TABLE I. Mobilities of Catecholamine Triacetate 

Derivatives and Methoxyeatecholamine Diacetate 

Derivatives in Bush ‘‘C’’ Chromatography Sys- 
Lemingatre daCe 


Distance from Mobility 
Acetate derivate of starting line,em inem/hr 
norepinephrine (2 9) 2 
methoxynorepinephrine 11-13 3 
epinephrine 18-20 4.75 
methoxyepinephrine 20-22 5.25 
3-hydroxytyramine 23-25 6 
3-methoxytyramine 27-29 7 


* Descending technie with Whatman No. 1 filter 
paper prewashed with benzene:methylalcohol (1:1) 
was used. Catecholamines were developed by pass- 
ing a narrow strip of paper through solution of 
1% FeCl, and 2% potassiumferricyanide which 
was then blotted and passed through a solution of 
10% KOH in methylaleohol: water (1:1). Methoxy- 
catecholamines were developed by passing a nar- 
row strip through solution of 0.1% dichloroquinone 
chlorimide in alcohol, blotting and then passing it 
through a solution of 0.1 m borate buffer pH 10, 
blotting again and exposing the strip to ammonia 
vapors. 
isolated. Labeled 3-methoxynorepinephrine 
could not be detected. Shock stress of ani- 
mals. Rats were stressed in a specially con- 
structed “activity wheel,” 15 inches diameter. 
The wheel was so arranged to permit a shock 
of moderate intensity (1.5 milliamperes) to be 
delivered to the feet of rats. When the shock 
was applied (for 10 seconds at intervals of 30 
seconds) the normal response of the animals 
was to run at high speed to minimize the in- 
tensity of the painful stimulus. The pro- 
cedure was continued for 2 to 3 minutes for 
each rat. 

Results. Mobilities of acetylated cate- 
cholamines and methoxy-catecholamines in 
the “C” solvent system of Bush are listed in 
Table I. The methoxy derivative moves 
somewhat faster than its corresponding cate- 
cholamine. 

A radiochromatogram of the acetylated 
urine fraction from rats which had been 
treated for only one day with iproniazid and 
hydroxytyramine-1-C' shows 2 radioactive 
peaks with the same mobility as 3-hydroxy- 
tyramine triacetate and 3-methoxytyramine 
diacetate (Fig. 1). However, after the same 
treatment was prolonged for 3 days, an addi- 
tional radioactive peak was detected (Fig. 2) 
which had the same mobility as 3-methoxy- 
norepinephrine diacetate. 

When rats were stressed after one day of 
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FIG. 1. Paper chromatography separation of 


acetylated amine fraction in urine of rats treated 
one day with 100 mg/kg of iproniazid and 100 yg 
3-hydroxytyramine-1-O™, 

FIG. 2. Paper chromatography separation of 
acetylated amine fraction in urine of rats treated 
3 days with 100 mg/kg of iproniazid and 100 yg 
3-hydroxytyramine-1-C%, 

FIG. 3. Paper chromatography separation of 
acetylated amine fraction in urine of stressed rats 
treated for first 3 days with 100 mg/kg of ipronia- 
zid and 100 wg 3-hydroxytyramine-1-C™, and for 
the last 2 days with iproniazid only. 

A 24 hr urine specimen was collected at end of 
treatment period. 


treatment with iproniazid and 3-hydroxytyra- 
mine-1-C'*, the amine fraction yielded the 
same 2 radioactive peaks as in the unstressed 
rats. However, a relatively higher excretion 
of labeled 3-methoxytyramine was found in 
stressed rats. When rats were stressed 2 days 
after last injection of 3-hydroxytyramine-1- 
C14, all radioactivity of the amine fraction ex- 
creted in the next 24 hours was associated 
with 3-methoxynorepinephrine diacetate (Fig. 
3). Table II shows radioactivity of 3-me- 
thoxynorepinephrine under various experi- 
mental conditions. It is evident that 3-me- 
thoxynorepinephrine is still excreted 8 days 
after last injection of 3-hydroxytyramine. 
The radiochemical purity of 3-methoxy- 
norepinephrine was established by rechro- 
matography and deacetylation with hog kid- 
ney acylase to N-acetyl 3-methoxynorepine- 
phrine. After chromatography in the “C” 
system of Bush for 24 hours, radioactivity was 
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associated with N-acetyl 3-methoxynorepine- 
phrine. The same sample was chromato- 
graphed in amyl alcohol water overnight, and 
then in chloroform formamide solvent, and ra- 
dioactivity was still found to be associated 
with N-acetyl methoxynorepinephrine. The 
lower recovery of radioactivity after deacetyl- 
ation and rechromatography (Table II) par- 
tially reflects a loss from the procedure, but 
is also a result of increased purity, since re- 
chromatography of the N-acetyl compounds 
results in a better separation of norepinephrine 
from 3-methoxynorepinephrine. 

Another radioactive sample of acetylated 3- 
methoxynorepinephrine diacetate was diluted 
with 30 mg of carrier of nonradioactive 3- 
methoxynorepinephrine diacetate (m.p. 123°- 
125°) and after 2 recrystallizations from 
ethyl acetate constant specific activity was 
obtained. 

Discussion. Formation of 3-methoxynore- 
pinephrine in vivo may proceed by 2 possible 
pathways, (a) hydroxylation of 3-hydroxyty- 
ramine to norepinephrine followed by O-me- 
thylation to 3-methoxynorepinephrine, or (b) 
O-methylation followed by hydroxylation. 
Since 3-methoxy-tyramine-1-C™ could not be 
converted into 3-methoxynorepinephrine, it 
must be concluded that formation of 3-me- 
thoxynorepinephrine proceeds through the 
first pathway, and 3-methoxynorepinephrine 
TABLE IL. Radioactivity of 3-methoxynorepineph- 


rine Derivatives Isolated from 24 Hour Rat Urine 
by Paper Chromatography.” 


——— Radioactivity, epmt—, 
Days after 3-methoxynor- N-acetyl 3- 
completion epinephrine methoxynor- 
of treat- diacetate epinephrine 
ment} Unstressed Stressed stressed 
0 19508 46008 2450 
2 1200 3100 1900 
+ 1050 2600 1100 
6 850 2000 750 
8 620 1300 550 


* Rats were treated with 100 mg/kg of ipronia- 
zid and 100 yg of 3-hydroxytyramine-1-C™ daily for 
3 days. Iproniazid alone was then continued until 
urine was collected. 

+ Recovery as 3-methoxynorepinephrine averaged 
70-90% of the total radioactivity excreted in the 
urine with the exception of (§) whose values were 
.37 and .85% respectively. 

+ On day designated, electric shock was given to 
stressed rats and a 24 hr urine sample was collected 
from stressed and unstressed rats. 
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is the last step in biosynthesis of norepine- 
phrine. The finding that 3-hydroxytyramine 
is a precursor of norepinephrine is in agree- 
ment with many studies in vitro. However, 
these findings are the first evidence of synthe- 
sis of norepinephrine from 3-hydroxytyramine 
in vivo. It is known that certain stresses in- 
crease excretion of norepinephrine(8), and in 
our stress experiments a higher excretion of 
3-methoxynorepinephrine was also observed. 

Of special interest may be the discrepancy 
in the biological half-life of 3-hydroxytyra- 
mine and norepinephrine. It was found that 
labeled 3-hydroxytyramine was no longer ex- 
creted 48 hours after last injection of 3-hy- 
droxytyramine-1-C™. However, radioactive 
3-methoxynorepinephrine was still being ex- 
creted 8 days after last injection of 3-hydroxy- 
tyramine. Although a more quantitative study 
is necessary to permit exact calculation of 
turnover rates of these 2 catecholamines, it is 
evident that their half-life is different. 

The fact that norepinephrine-C™ is stored 
for at least 8 days, while 3-hydroxytyramine- 
1-C!4 appears to be completely replaced by 
synthesis of endogenous hydroxytyramine in 
48 hours, suggests that the turnover rate of 
dihydroxyphenylalanine to hydroxytyramine 
is faster than the turnover of 3-hydroxytyra- 
mine to norepinephrine. This may mean that 
conversion of hydroxytyramine to norepine- 
phrine is the rate-limiting step in the synthe- 
sis. 

Summary. 1. Formation im vivo of nore- 
pinephrine from 3-hydroxytyramine-1-C", 
can be demonstrated indirectly by isolating 
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the end product of biosynthesis, namely, 3- 
methoxynorepinephrine. 2. Labeled 3-me- 
thoxynorepinephrine was isolated as a diace- 
tate derivative from urine of unstressed and 
stressed rats treated with iproniazid and 3- 
hydroxytyramine-1-C!*. Radiochemical pur- 
ity of the diacetate and the N-acetyl deriva- 
tive was established by paper chromatography, 
and by recrystallization of the diacetate de- 
rivative to constant specific activity. 3. Ra- 
dioactivity of 3-methoxynorepinephrine iso- 
lated from urine of rats was higher in stressed 
rats. 4. Labeled 3-methoxynorepinephrine 
continued to be excreted for 8 days after treat- 
ment with 3-hydroxytyramine-1-C' in con- 
trast to radioactive 3-hydroxytyramine and 3- 
methoxytyramine which disappeared from 
urine after 48 hours. 


The authors thank Dr. S. Bernard Wortis for en- 
couragement of this research, Stephen L. Chorover 
and Dr. Hans L. Teuber for help in stress experi- 
ments, and Linda E. Law for technical assistance. 
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The physiological nature of brown fat is 
obscure, but is now receiving increased atten- 
tion primarily because of numerous isolations 
of several kinds of viruses from brown fat of 
various animals(1) and an inference that it 
may play a special role in host-virus rela- 


tionship(2). Sulkin e¢ al.(1) adduced evi- 
dence from bats experimentally infected with 
rabies virus that this virus may be present in 
brown fat when absent from other organs, and 
that it may propagate in this tissue. We here 
present evidence of the presence of rabies 


RABIES VIRUS IN BROWN Fat 


virus in brown fat of naturally infected bats: 
that is in pooled brown fat and pooled brain 
of 2 Myotis lucifugus and in brown fat, brain, 
and salivary gland of one Eptesicus fuscus. 
Materials and methods. Swiss white mice, 
21 days old (weanling), of Rocky Mountain 
Laboratory strain, were used routinely for iso- 
lation. Two-day-old mice were also injected 
in tests repeated when presence of virus in 
low titer was suspected. Tissues tested were 
brain, salivary glands, and brown fat. The 
last 2 tissues are near each other anatomically 
but grossly discrete and distinct in the 2 gen- 
era under consideration and the chance of 
contamination of one by the other at necropsy 
is remote. After bats were dead, tissues were 
ground by mortar and pestle in 10% albumin- 
saline diluent at pH 7.5 to make suspensions 
estimated to be 10%, and 0.03 ml were in- 
jected into mice by intracerebral route. Ex- 
cess suspension was preserved in mechanical 
deep-freezer. Bats of the species Myotis luci- 
fugus and Eptesicus fuscus were obtained in 
routine collections from attics of homes in 
western Montana. They were held overnight 
in battery jars with water available. The day 
following collection, they were hand-fed 
canned dog food* to which about 10% of an 
homogenate of meal worms, fresh guinea pig 
liver and vitaminst was added. Immediately 
following feeding they were banded and re- 
leased into indoor flight cages (4’4” x 5’ x 
16”). No special provision was made for 
temperature or humidity control. The usual 
course of events when E. fuscus and M. luci- 
fugus are treated thus is that an initial high 
mortality for several days is followed by slow 
attrition of survivors over several months. 
The group of Eptesicus from which the in- 
fected animals were obtained was not excep- 
tional in this regard but the small group of 
Myotis succumbed rapidly. Signs of rabies 
were not observed in the infected bats and it 
cannot be stated that their deaths were caused 
by rabies. The status of infection in the ani- 
mals can be inferred only to a limited extent 
by comparing the time of their deaths with 
that of other bats in the cages (Figs. 1 and 2). 


*Pard. 
tAbdec brand. 
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FIG. 1. Mortality in group of M. lucifugus. 
FIG. 2. Mortality in group of EH. fuscus. 


Results. Myotis bats No. 61 and 58 died 
on 10th and 11th days of captivity, respec- 
tively, and were the last of the group to die. 
Carcasses were kept at 4°C until one day 
after death of No. 58, when they were ne- 
cropsied and like tissues were pooled and in- 
jected. Rabies virus was isolated from pooled 
brain and from pooled brown fat after incuba- 
tion periods of 16 and 18 days respectively. 
Five of 6 mice became infected from brain 
tissue and 1 of 6 from brown fat. Typical 
Negri bodies were found in mouse brains. 
Pooled salivary glands failed to infect mice on 
primary inoculation, and the preserved glands 
also failed to infect suckling mice in a subse- 
quent test. 

One hemisphere of each of the Myotis 
brains was fixed in Zenker’s fluid and stained 
with Williams’ stain. One atypical Negri 
body, i.¢e., without internal structure, was 
found in the brain of No. 58. No other le- 
sions could be detected.+ 

Eptesicus (No. 38) died on 30th day of 


t Pathology by Dr. L. L. Ashburn, Nat. Inst. 
Health. 


142 


captivity and was necropsied the same day. 
One of 6 mice injected with brown fat sus- 
pension and all mice injected with brain or 
salivary gland suspensions died of rabies. In- 
cubation periods were 22, 9, and 11 days, re- 
spectively. Titers of virus in Eptesicus brain 
and salivary glands were log 1.2 and 3.4/0.03 
ml respectively. Negri bodies were not found 
in mouse brains. Sections of Eptesicus brain 
fixed in formalin were stained with azure-eosin 
and with hematoxylin and eosin. No pathog- 
nomonic changes could be discerned. 

The long incubation periods of isolates 
from brown fat of Myotis and Eptesicus were 
shortened to 10 days in the second mouse pas- 
sage. 

Discussion. Our demonstration of rabies 
virus in brown fat of naturally infected insec- 
tivorous bats agrees with the findings of Sul- 
kin et al.(1) who worked with experimentally 
infected bats. Presence of virus in brown fat 
when absent from salivary glands was also 
noted by us and by Sulkin, but in our obser- 
vations the difference may not have been sig- 
nificant, inasmuch as only a minimal amount 
of virus was found in the brown fat of Myotis. 
It is quite possible that deaths of these ani- 
mals were unrelated to infection inasmuch as 
other bats maintained identically also died but 
without infection. Dubiety regarding infec- 
tion as cause of death may be indicated also 


Susceptibility Rhythm to EF. coli Endotoxin and Bioassay.* 


BIOASSAY AND SUSCEPTIBILITY RHYTHM TO ENDOTOXIN 


because of absence of encephalitic lesions in 
the brain. 

Rabies virus has been isolated by us from 
12 bats of 7 species collected in western Mon- 
tana. In only 2 of those instances have we 
attempted isolation from brown fat and both 
attempts were successful. We also tested tis- 
sues of 106 Myotis, Eptesicus, and Corynor- 
rhinus but have not found virus in brown fat 
when absent from both brain and salivary 
glands. 

A discussion of the role of brown fat in 
pathogenesis of rabies may be found in the 
paper by Sulkin et al.(1). 

Summary. Rabies virus has been isolated 
from brown fat of naturally infected Eptesicus 
and Myotis bats. In each case virus was pres- 
ent in very low infective concentration. Rabies 
virus was also isolated from brains of the same 
bats and from salivary glands of the Eptesi- 
cus. 


Addendum. Rabies virus has since been isolated 
from brown fat in 5 more instances including 3 
from species not mentioned above. Two isolates 
were from Lasionycteris noctivagans and one from 
M. evotis. 


1. Sulkin, S. E., Krutzsch, P. H., Allen, R., Wallis, 
C., J. Exp. Med., 1959, v110, 369. 

2. Pappenheimer, A. M., Daniels, J. B., Cheever, 
F. S., Weller, T. H., ibid., 1950, v92, 169. 
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In toxicity testing, variations of “response” 
along a 24-hour time scale are usually not 
evaluated. Most reviews or books on the 
subject actually omit discussions of physiolo- 
gic rhythms in relation to bioassays in gen- 
eral, since available references are sporadic 
and questionable. The contribution of physi- 


* Supported by Elsa U. Pardee Fn., Am. Cancer 
Soc., U.S.P.H.S., and Dept. of Public Welfare, State 
of Minnesota. 


ologic rhythms to variability of assays thus 
awaits rigorous evaluation, the outcome of 
which will depend largely upon control of 
sources of variation other than rhythms, such 
as genetics, past history, physical environment 
as well as sampling effects. Control of such 
factors was attempted in this study on the 
significance and reproducibility of a possible 
susceptibility rhythm to endotoxin. Can the 
latter rhythm be unmasked from interference 


4 
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by other factors so that periodic changes in 
the body’s response to a poison stand out in 
clear view of all? This aim was approximated 
by light-synchronized periodicity analysis: a 
dramatic susceptibility rhythm was found. In 
view of its reproducibility and significance un- 
der the stated conditions, its bearing upon bio- 
assay also was experimentally explored. 
Materials and methods. C (Bagg albino) 
mice, brother-to-sister mated for over 10 years 
in our laboratory, were studied. For at least 
7 days prior to each experiment, the mice were 


singly caged at 24°C, in light daily from 06 to 


18, with food and water continuously avail- 
able. In each of 2 experiments, 7 groups of 
mature animals matched by age, sex, and 
weight were injected intraperitoneally at 4-h 
intervals with 100 pg/.2 cc/20 g body weight 
of Difco’s E. coli lipopolysaccharide.t A third 
experiment consisted of 2 LD;» assays done 
12 hours apart in mice that were again com- 
parable in terms of genetic background, sex, 
age, past history, and experimental conditions. 

Results. At 1 week post injection, as well 
as at earlier time-points, differences in mor- 
tality among some groups of mice injected at 
different times were large and significant be- 
low 1%; equally important, with the dose and 
stock used, these differences were reproducible 
from first to second experiment (Fig. 1), 
probably because of standardization of ex- 
perimental conditions. 

In the third experiment, a large difference 
in “potency” was seen in 2 assays made 12 
hours apart with samples from the identical 
batch (Fig. 2); the computed “relative po- 
tency” of the same material tested at 12 and 
24 was 3.22. ‘This inter-assay difference is 
clearly a function of stage of susceptibility 
rhythm in which the injections were made. A 
comparison of responses at the 2 dose levels 
common to both assays demonstrated the sig- 
nificance of the difference (P<.001). Under 
our conditions, the stage of rhythm selected 
for testing was a much more significant source 
of variation than several other factors tested, 
such as position of cage on rack, or the type 


+ The authors are greatly indebted to Dr. A. L. 
Lane of Difco Labs:., Detroit, Mich. for ample 
supplies of endotoxin. 
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FIG. 1. Susceptibility rhythm to endotoxin and 
its reproducibility in separate experiments. Ordi- 
nate: % death from Difco’s H#. coli lipopolysaccha- 
ride (100 ywg/20 g, ip.) im separate groups of 
standardized mature C mice inj. at 4-hr intervals. 
Abscissa: times of inj. in 2 exp. begun at different 
times during daily ight period. No. of mice/group 
in parentheses. Evaluation at 1 wk post inj. 

FIG. 2. Different ‘‘potency’’ of samples from 
same endotoxin batch tested at different times, 
shown by mortality of C mice inj. in different 
phases of their daily susceptibility rhythm, Evalu- 
ation at 18 hr post inj. 


(not the schedule! ) of illumination tested (re- 
sults not shown; P>.10). 

Discussion. Standardization for light-dark 
synchronized periodicity analysis is desirable 
for bioassay as well as for other experimental 
work(1): Variability will be reduced by test- 
ing synchronized populations in defined phases 
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of 24-hour rhythm. In the absence of such 
standardization intra-assay variability may be 
augmented by dissociation of susceptibility 
rhythms among individuals and inter-assay 
variability by testing in different stages of 
rhythm. 

Control of clock-hour of testing does not 
necessarily suffice for reducing the contribu- 
tions of rhythms to variability of bioassays; 
rhythms might be free-running from the local 
clock with periods slightly though consistently 
different from 24 hours(1,2). Standardiza- 
tion for light-synchronized periodicity analy- 
sis overcomes this difficulty: ‘physiologic 
time” in terms of stage of susceptibility 
rhythm can then be related to a given clock 
hour. Subsequent work shows further that 
timing of peak (or trough) in susceptibility to 
endotoxin can be shifted from the usual clock 
hour by appropriate manipulation of the light- 
ing regimen and by observing several addi- 
tional simple precautions such as avoidance 
of disturbances in the mouse room, é.g., from 
presence of experimenters(1). Work carried 
out in reproducibly defined stages of a given 
physiologic rhythm is particularly critical 
when it allows for detection (in one stage of 
rhythm) of effects which might not otherwise 
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be found (in tests done in another stage of 
rhythm) (3). Apart from methodologic con- 
siderations, susceptibility rhythms show how 
critically the stage of periodic changes in 
physiologic state can determine an organism’s 
ability to withstand damage. 

Summary. Light-synchronized_ periodicity 
analysis reveals a susceptibility rhythm in C 
mice to EZ. coli endotoxin. Susceptibility var- 
ies predictably and significantly along the 24- 
hour time scale. A dose of endotoxin which 
is compatible with survival of most animals 
when given during middle of daily dark period 
is highly lethal when it is given 8-12 hours 
earlier or later. LDs also was determined for 
2 samples from identical batch of endotoxin 
tested 12 h apart on separate groups of com- 
parable C mice kept under conditions stand- 
ardized for periodicity analysis: Differences 
in potency significant at 1% were seen at 2 
dose levels common to both assays, the com- 
puted “potency ratio” being 3.22. 


1. Halberg, F., Z. f. Vitamin-, Hormon- und Fer- 
mentforschung, 1959, v10, 225. 

De , Ber. ges. Physiol., 1954, v162, 354. 

3. Litman, T., Halberg, F., Ellis, S:, Bittner, Jie 
Endocrinology, 1958, v62, 361. 
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During a study of acute experimental in- 
toxication using normal human subjects, 
it was observed that a pronounced decrease in 
urinary excretion of 5-hydroxyindoleacetic 
acid (5-HIAA) occurred during 5-hour col- 
lection period following ingestion of about 100 
g of ethanol. Inasmuch as 5-HIAA is the ma- 
jor metabolic end-product of serotonin, (5- 
hydroxytryptamine) metabolism in man(1,2), 
this finding conjured up the possibility that 


* Opinions or assertions contained herein are pri- 
vate ones of author and are not to be construed as 
official or reflecting views of Navy Department or 
naval service at large. 


during metabolism of alcohol the oxidative 
conversion of endogenous serotonin (and, per- 
haps, of other monoamines) is temporarily in- 
hibited. Further circumstantial evidence in 
support of this hypothesis was adduced from 
preliminary pharmacological studies using 
mice, which demonstrated that doses of 
serotonin and other primary aromatic amines, 
viz., tryptamine, dopamine, and tyramine, 
which per se were innocuous and provoked lit- 
tle somatic, autonomic, or behavioral effects, 
exerted a striking potentiation of the narcotic 
action and acute toxicity of alcohol. Prompted 
by the possibility that the neuropharmacologic 
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and toxicologic effects of alcohol may be re- 
lated, at least in larger doses, to its influence 
on endogenous monoamine metabolism, the 
present studies were undertaken to ascertain 
whether a sublethal, hypnotic dose does, in 
fact, interfere with the metabolism of sero- 
tonin. The experimental design involved par- 
enteral administration of serotonin to mice 
pretreated with alcohol, and subsequent analy- 
sis at various intervals of the whole animal, 
including urine and feces. The latter pro- 
cedure was adopted in preference to analyses 
of excreta alone because even moderate doses 
of alcohol can induce acidosis. Accordingly, 
a diminution observed only in the urinary 
output of metabolites like 5-HIAA could be 
attributable merely to a decreased renal excre- 
tion rather than a suppression of their forma- 
tion.t Regarding analytical methods em- 
ployed, determinations were conducted of 
serotonin and total 5-hydroxyindole com- 
pounds as well as of 5-HIAA because, in mam- 
malian species other than man, 5-HIAA pro- 
duction accounts for only a portion of the 
serotonin destroyed and alternate metabolic 
routes must ‘be considered. In view of prob- 
able formation of unidentified conjugation 
products, disappearance of serotonin and for- 
mation of 5-HIAA were followed directly. 
Moreover, since both of these are 5-hydroxy- 
indole compounds, it was believed that meas- 
urement of total 5-hydroxyindoles would pro- 
vide added information vis-a-vis the influence 
of alcohol on alternate metabolic routes in- 
volving conjugation. 

Materials and methods. Adult male albino 
mice, NAMRU No. 1 strain(3), weighing 25 
to 30 g, were employed. The experimental 
ones were pretreated intraperitoneally with 
4.5 g/kg of a 25% (w/v) ethanol solution in 
0.9% NaCl while control animals were given 
an equivalent volume of 0.9% NaCl, z.e., 18 
ml/kg. Preliminary studies revealed that 
this dose of alcohol resulted in no deaths 
among 40 treated mice, and that the mean pe- 

tIn human intoxication study already cited, 
urinary excretion of uric acid was also markedly de- 
creased. This finding is possibly related to alcchol- 
induced acidosis, for it is well known that in con- 
ditions of acidosis, renal excretion of uric acid is 
diminished. 


riod of hypnosis, defined as time from loss to 
return of the righting reflex, was 74 minutes. 
Under present conditions, doses up to 5.5 g/ 
kg produced no deaths, and LD;» was between 
6.5 and 7.0 g/kg. Thirty minutes after alco- 
hol or saline control injection, mice were ad- 
ministered 160 mg/kg of serotonin intraperi- 
toneally, and placed directly into beakers. 
The serotonin solution, freshly prepared by 
dissolving the creatinine sulfate complex (ob- 
tained from California Corp. for Biochemical 
Research) in 0.9% NaCl, was carefully 
brought to pH 7.0 with NaOH before use. At 
specified times following serotonin injection, 
groups of 4 mice together with their excreta, 
thoroughly washed out of the beakers, were 
placed in a Waring blendor and homogenized 
for 4 minutes in a total volume of 0.1 N HCl 
4-fold their combined weight. Thus, each 5- 
ml aliquot represented 1 g of body weight and 
theoretically would contain 160 pg serotonin 
if obtained from mice homogenized immedi- 
ately following injection. After straining 
through several layers of gauze, 25-ml por- 
tions of these homogenates were mixed with 5 
ml of 10% ZnSO, * 7H2O and 2.5 ml of IN 
NaOH to effect a neutral protein precipitation. 
Clear supernates were obtained upon centri- 
fugation for 10 minutes at high speed. Meth- 
ods employed to determine serotonin, 5- 
HIAA, and total 5-hydroxyindoles in dupli- 
cate aliquots of these supernates are based on 
the Gerngross reaction with 1-nitroso-2-naph- 
thol. They were modifications of those re- 
ported by Udenfriend and coworkers(1,4), 
who found that this reagent, in dilute HCl or 
H.SO, containing traces of nitrite, will react 
almost exclusively with 5-hydroxyindoles to 
form a violet chromophore. Of the many phe- 
nolic and indole compounds tested, p-hydroxy- 
acetanilide and mephenesin are the only 
known ones not 5-hydroxyindoles, which yield 
a violet color. Whereas measurement of sero- 
tonin and 5-HIAA, both of which are 5-hy- 
droxyindoles, required preliminary separation 
and isolation from the supernates by means 
of successive extractions and partitions, colori- 
metric determination of total 5-hydroxyin- 
doles was carried out directly on the filtered 
supernates. A blank and inclusive series of 
standards were concurrently run with each set 
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TABLE I. Influence of Ethanol Pretreatment on Amounts of Serotonin, 5-HIAA, and Total 5-Hydroxy- 


indoles Found in Whole Body and Exereta of Mice Administered Serotonin.* 


(2 exp. with 4 mice for 


each period) .t 


—- = pe /Z found ---—— — == ~ ug/g ealeulated 
Time after p Conjug. & other 
Rater Serotonin 5-HIAA Total 5-OH indoles products§ 
Bo 
inj..min. Control Aleohol Control Alcohol Control Alcohol Control Alcohol 
0 159 0 161 0 
162 0 160 
30 Do (99 SEC 44-5) 3 33x27 iC OO eSos (S925) G2 Gm alaa: 72 Sy) 
70 119 21 94 128 
60 38111935) (75.79) 836 (27 ee 8 225 eon Cio) ean GLOGEoy OM 87.5 57.5 
+ 91 2 14 80 112 
90) 25 (1384.5). (110 ) 44 85 (82 ) (27.5) 29 70(72.5) (90 ) 838 102.5 82.5 
27 57 29 26 75 97 
120 13:(145.5) (129 ) 81 —30(28°) (30 )32 61645) G70 nro 117.5 99.0 
A) 32 26 28 68 82 
150 11 (147 ) (135.5) 23 28(26.5) (28 )30 56(61 ) (73 ) 69 120.5 107.5 
14 27 25 26 66 etl 


* Exp. mice were pretreated with 4.5 g/kg of a 


25% ethanol solution in 0.9% NaCl; 


control mice 


were given 18 ml/kg of 0.9% NaCl. Thirty min. later, all were inj. 1.P. with 160 mg/kg serotonin. 

t Each value represents mean of duplicate dets. conducted on pooled carcasses and excreta of 4 mice, 
except for those in parentheses and the last 2 columns, which represent means of 8 animals. 

{ Values in parentheses, from left to right, represent: serotonin destroyed, calculated by subtracting 
mean amount recovered from mean zero-time value; mean 5-HIAA found; mean total 5-OH indoles found. 

§ Metabolites of serotonin other than 5-HIAA, calculated by subtracting mean amount of 5-HIAA 


found from mean amount of serotonin destroyed. 


of determinations and carried through all ex- 
traction and color development procedures. 
Results. Table I embodies analytical find- 
ings of 2 experiments on the influence of 
ethanol on metabolism of parenterally admin- 
istered serotonin. In mice pretreated with an 
hypnotic, sublethal dose of alcohol, rate of 
destruction of exogenous serotonin was ap- 
preciably decreased. Concordant evidence for 
the inhibitory effect of alcohol on serotonin 
metabolism is provided by the following data: 
(1) recovery of larger amounts of unmetabo- 
lized serotonin at successive intervals follow- 
ing injection; (2) detection of smaller 
amounts of 5-HIAA, particularly in early 
stages of detoxification?; (3) finding of 
greater quantities of total 5-hydroxyindole 
compounds despite the smaller amounts of 
contributory 5-HIAA; (4) formation of less 
“conjugated and other products” 7.e., metabo- 
lites of serotonin, other than 5-HIAA, calcu- 
lated by subtracting mean amount of 5-HIAA 


+ As indicated by data of Table I, 5-HIAA itself 
probably undergoes further alteration, e.g., oxida- 
tion, conjugation, etc. These conversions, particu- 
larly by conjugation, may also be inhibited by al- 
cohol. 


found from mean amount of serotonin de- 
stroyed. The interrelationships of these find- 
ings are portrayed in Fig. 1. 

In connection with formation of metabo- 
lites other than 5-HIAA, it is noteworthy that 
the amounts of 5-HIAA recovered do not ac- 
count for the total quantities of serotonin de- 
stroyed. For example, after 30 minutes when 
99 and 44.5 ywg/g of serotonin had been me- 
tabolized by control and alcohol-treated mice, 
resp., only about 27 and 9 ug/g, resp., were 
accounted for as formed 5-HIAA. Obviously, 
a substantial portion of administered sero- 
tonin had been converted via another 
route(s), a probable one being conjugation of 
its 5-hydroxyl group. This is confirmed by 
total 5-hydroxyindole data which also exhibit 
successive declines. Theoretically, total 5-OH 
indole level would remain constant (around 
160 pg/g) if serotonin were converted only to 
5-HIAA since both are 5-hydroxyindoles. In 
view of its progressive fall, it may be con- 
cluded that serotonin disappears not only as 
a consequence of oxidation of its aliphatic 
side chain but also via conjugation of its aro- 
matic 5-OH group, e.g., glucuronide forma- 
tion. Only recently, Weissbach and cowork- 
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FIG. 1. Influence of ethanol pretreatment on me- 
tabolism of serotonin parenterally administered to 
mice. Thirty min. after I.P. inj. of 4.5 g/kg ethi- 
anol, mice were given 160 mg/kg serotonin I.P. At 
various times after the serotonin dose, the whole 
animal and its excreta were homogenized and as- 
sayed for serotonin, 5-HIAA, and total 5-OH in- 
doles. The ‘‘conjugated and other metabolites’’ 
represent products derived from serotonin other 
than 5-HIAA. Each point represents mean value 
for 8 mice. 


ers(5) reported that serotonin-o-glucuronide 
was, in fact, a normal, major metabolite which 
accounted for at least 25% of a dose of C'- 
labeled serotonin administered to mice. Thus, 
data of Table I reveal that, in addition to in- 
hibiting oxidation of serotonin to 5-HIAA, 
narcotic doses of alcohol depress its biotrans- 
formation via glucuronide conjugation. 


Perhaps, one more observation should be 
made from data in Table I, concerning total 
5-hydroxyindole compounds measured. If the 
total 5-OH indoles comprised only serotonin 
and 5-HIAA, its value should never be greater 
than their summation. However, one finds 
that it is. In fact, as detoxification of sero- 
tonin progresses, there is an increasing dispar- 
ity between total 5-OH indoles found and the 
sum of serotonin and 5-HIAA recovered. This 
strongly suggests that, in addition to S-HIAA 
and _ serotonin-o-glucuronide, there are me- 
tabolites of serotonin which possess an uncon- 
jugated 5-OH aromatic group and an oxidized 
(other than acetic), and/or oxidized (includ- 


ing acetic) plus conjugated, and/or conju- 
gated (or methylated?) aliphatic side chain. 
It is possible that this group constitutes an 
even greater proportion of unidentified end- 
products than is indicated by the 5-OH indole 
data inasmuch as conjugation, methylation, 
etc. of the side chain probably interferes with 
intensity of the 5-OH indole color reaction. 

Discussion. The present findings revealed 
that a sublethal, hypnotic dose of alcohol in 
the mouse inhibited metabolism of a paren- 
teral dose of serotonin, and depressed its bio- 
transformation via oxidation and conjugation. 
The oxidative conversion of serotonin involves 
its deamination by monoamine oxidase to an 
intermediate aldehyde and subsequent oxida- 
tion of the latter by means of aldehyde dehy- 
drogenase and DPN to 5-HIAA(6). More- 
over, both stages of ethanol oxidation require 
DPN as a coenzyme, and the second stage 
utilizes the same enzymatic machinery in- 
volved in oxidative conversion of the aldehyde 
formed from serotonin. The preceding enzy- 
matic considerations suggest that during the 
initial period, when rate of alcohol metabolism 
was maximum, its oxidation competitively in- 
hibited the oxidative metabolism of serotonin, 
and perhaps, in particular, oxidation of the 
aldehyde derived from it. Under such condi- 
tions, one might expect that more serotonin 
would be metabolized via an available, alter- 
nate route, e.g., conjugation. However, con- 
current depression of this metabolic route oc- 
curred. Perhaps, competitive inhibition also 
underlies the mechanism by which ethanol de- 
lays conjugation of serotonin in view of the 
fact that DPN is involved in glucuronic acid 
formation, and that small amounts of ethanol 
are metabolized va glucuronic acid conjuga- 
tion(7). 

Although inhibition of only serotonin me- 
tabolism was demonstrated by the present 
chemical data, it is reasonable to assume that 
detoxification of other primary aromatic 
monoamines would be similarly affected inas- 
much as they are inactivated via the same 
metabolic route(s). Endogenous amines like 
dopamine, tryptamine, tyramine (and to a 
lesser extent, norepinephrine and epinephrine) 
are all good substrates for the monoamine oxi- 
dase of liver, brain, intestine, kidney and other 
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tissues, and are oxidatively deaminated by it 
to corresponding aldehydes. Other circum- 
stantial evidence in support of this hypothesis 
is provided by the pharmacological studies al- 
ready cited, which showed that large 
amounts of serotonin, tryptamine, dopamine 
and tyramine could be injected intraperitone- 
ally in the mouse without provoking hypnosis 
or death. However, if animals were pretreated 
with the same hypnotic dose of alcohol as 
presently employed, even a moderate dose of 
these amines induced a substantial mortality 
as well as a decisive prolongation of sleeping 
time. In fact, extremely small doses, which 
per se provoked little somatic, autonomic, or 
behavioral effects, induced a marked poten- 
tiation of the narcotic action of alcohol despite 
the fact that neither brain alcohol content nor 
overall body rate of alcohol destruction were 
modified. 


Inasmuch as the amines employed in these 
experiments as well as in the present ones 
were administered intraperitoneally, the liver 
was probably the main site of their metabol- 
ism, as it is of alcohol, in general. Together 
then, chemical and pharmacological findings 
strongly suggest that large doses of alcohol 
may impair, at least temporarily, the func- 
tional capacity of liver to detoxify serotonin 
and other primary aromatic monoamines. 
Thus, they differ from the majority of studies 
reported which revealed little or no demon- 
strable functional impairment in intoxicated 
men subjected to a battery of liver function 
tests. It is the usual custom, at present, to 
regard pathological alterations in the liver 
and other organs of chronic alcoholics as mal- 
nutritional sequelae or complications rather 
than ascribe them to a direct effect of alcohol. 
In view of the accepted role of liver as an in- 
activator of endogenous amines and perhaps, 
some exogenous ones formed in the intestinal 
lumen ‘by bacterial activity, it is tempting to 
implicate a chronic alcohol-induced suppres- 
sion of aromatic monoamine metabolism in the 


§ Of all body tissues, the brain of a mouse ad- 
ministered iproniazid, a potent monoamine oxidase in- 
hibitor, exhibits the most striking effects either in en- 
dogenous serotonin metabolism or after 5-hydroxy- 
trytophan administration, . 


etiology of degenerative changes in this or- 
gan after years of excessive and habitual in- 
gestion of alcohol. 

Theoretically, the monoamine metabolism 
of the brain’ should also be influenced by 
levels of alcohol which affect liver monoamine 
metabolism inasmuch as it does not possess 
multiple routes of amine inactivation and de- 
pends mainly on oxidative conversion v7a its 
monoamine oxidase content. Within the last 
few years a number of aromatic monoamines, 
viz., serotonin, norepinephrine, dopamine, and 
tryptamine, have been shown to occur na- 
turally and selectively in the brain. More- 
over, there is a growing body of evidence that 
some of these endogenous monoamines may 
act as neurohumoral agents in the regulation 
of central transmission in certain areas. While 
the possibility still cannot be precluded that 
narcotic properties of alcohol are derived from 
a primary interference with some stage of 
neuronal oxidative and/or high-energy bond 
metabolism, it appears reasonable to postulate 
that, at least in higher concentrations, there is 
a casual relationship between the neurophar- 
macologic action of alcohol and its influence 
on monoamine metabolism. 


Summary. The influence of a sublethal, 
hypnotic dose of ethanol on metabolism of 
serotonin was investigated in the mouse. 
Thirty minutes after intraperitoneal injection 
of 4.5 g/kg of ethanol, mice were adminis- 
tered 160 mg/kg of serotonin intraperitone- 
ally. At various intervals after the serotonin 
dose, the whole animal and its excreta were 
homogenized and analyzed for serotonin, 5- 
HIAA, and total 5-hydroxyindole compounds. 
The results clearly demonstrated that alco- 
hol exerted an appreciable inhibitory effect 
on metabolism of serotonin and depressed its 
biotransformation via oxidation and conjuga- 
tion. The enzymatic, toxicologic, and neu- 
ropharmacologic implications are discussed. 


The author expresses his gratitude to CDR Jack 
W. Millar, MC, USN for encouragement and gener- 
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The beneficial effect of thyroid hormone 
and thyroid active substances upon lactation 
is well established (1), however, little is known 
concerning the role of this hormone in influ- 
encing growth of mammary gland. Lactation 
studies have shown that if hormones influ- 
encing lactation were administered in optimal 
amounts, increased milk yields occurred with 
marked reduction in variability of response 
among members of the population(2,3). Simi- 
larly, any hormone, if present in suboptimal 
amounts, may also limit mammary gland 
growth or, at least, contribute to variability 
in growth which occurs during normal preg- 
nancy or to that of glands developed experi- 
mentally with optimal levels of estrogen and 
progesterone(4). In the present study we de- 
termined the effect of mild hyperthyroidism 
upon experimental development of rat mam- 
mary gland using desoxyribosenucleic acid 
(DNA) as an index of growth. 

Materials and methods. Groups of ovariec- 
tomized rats of the Sprague-Dawley-Rolfs- 
meyer strain with an initial weight of 225-275 
g were used. Body weight was recorded daily. 
Fifteen ovariectomized rats killed 34 days 
post-castration served as controls. Remain- 
ing ovariectomized rats received daily subc. 
injections for 19 days commencing 14 day 


* Contribution from Mo. Agr. Exp. Sta., Journal 
Series No. 2073. Approved by Director. 

+ Postdoctoral Fellow of N.I.H. This investigation 
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post-castration as follows: 1) 18 received 
either 1 or 2 pg estradiol benzoate (EB); 2) 
29 were injected with 1 »g EB and 3 or 6 mg 
progesterone (P); 3) 13 received 2 ug EB and 
6 mg P; 4) 31 were treated with 1 pg EB, 3 
mg P and 3 or 6 wg I|-thyroxine; and 5) 49 
received 2 »g EB, 6 mg P and 3 or 6 pg thy- 
roxine. Rats were killed one day after last 
injection, skinned rapidly and abdominal- 
inguinal glands removed and immediately 
frozen for 4 days. Tissues were then thawed 
and fat extracted in boiling 95% ethanol for 
6 hours followed by ether extraction for an- 
other 6 hours. DNA was extracted from 25 
mg aliquots of finely ground, dry, fat-free tis- 
sue (DFFT) by the method of Schneider (5) 
with exclusion of the fat extraction and cold 
trichloroacetic acid (TCA) extraction steps. 
DNA was determined by the method of Webb 
and Levy(6). The product of the quantity 
DNA/mg DFFT and total DFFT, expressed 
as unit body weight, was estimated as the to- 
tal DNA/posterior 6 glands. Visual observa- 
tions were made for presence of lobule-alveo- 
lar development but no attempt was made to 
visually quantitate extent of growth. 

Results. Total DNA of glands of ovariec- 
tomized rats receiving 2 »g EB for 19 days 
did not differ significantly from those of ani- 
mals receiving 1 »g EB (Table 1). Injections 
of 1 »g EB and 3 mg P increased mammary 
gland DNA above that of rats receiving EB 
alone, but upon increasing EB and P levels 
to 2 »g and 6 mg, respectively, no significant 
increase in growth occurred. Addition of 3 or 
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TABLE I. Mammary Gland DNA of Adult Rat Ovariectomized for 14 Days Followed by Estra- 
diol Benzoate (EB), Progesterone (P) and Thyroxine (T,) for 19 Days. 


~ Mean 


= 
Body wt (g) Total DNA, 
posterior 6 
No. of Ter- DFFT* DNA/mg glands 
Treatment (amt/day) rats Initial minal (mg) DFFT (ng) (ug/100 g) 
Ovariectomized controlst 15 263.0 273.7 359.2 23.20 se O41, 3.0 5)=e eae 
1 pg EBt 5 239.6 246.8 485.6 22.86 + 1.27 4.48 + .15? 
+ 3mg Pt 19 250.0 269.0 590.1 35.65 + 1.09 UA = ea 
+6 ” 10 253.6 278.4 628.1 35.50 + 1.53 7.95 + .34 
+3 ” +3 ug Ty 19 268.2 270.0 558.6 39.77 + 2.52 8.03 + .28 
atop ae et Om mea 12 238.5 248.1 384.7 47.05+ .72 7.26 + .27 
2 ug EB 3 269.8 267.8 462.9 24.35 + 94 4.11 + .22¢ 
+ 6mgP 12 27013 272.0 592.6 36.63 + 1.51 8.13 + .42° 
+ " +3yeT, 35 251.6 253.0 662.9 38.47 + 1.18 Oeil se ae 
Se Ae ok 14 253.8 256.7 592.1 44.46 + 3.01 9.95 + .417 
* Dry, fat-free tissue. Students ‘‘t’? Probability 
t Data from Moon et al.(4) e 001 
{ Stand. error of mean. 28 
3-6,7 ”? 
BBE 005 


6 »g thyroxine to the hormone regime has no 
beneficial effect upon mammary gland growth 
at the 1 »g EB and 3 mg P level, whereas 
thyroxine administered concomitantly with 2 
ug EB and 6 mg P results in a significant in- 
crease in mammary gland DNA. Body weight 
increased in all groups except those injected 
with 2 »g EB alone. Animals receiving 2 pg 
EB concomitantly with the other hormones 
maintained their body weight throughout the 
experimental period. Visual examination of 
mammary glands of rats treated with EB 
alone revealed a well developed duct system 
with endbuds and side branch formation. Ani- 
mals receiving EB and P and/or thyroxine 
exhibited excellent lobule-alveolar develop- 
ment. 

Discussion. It has been suggested that the 
observed variability in normal and experi- 
mental mammary gland growth may be due, 
in part, to endogenous secretion of sub-opti- 
mal amounts of thyroid hormone(4). If this 
is true, an increase in mean growth response 
might be expected upon administration of thy- 
roid active substances. However, as thyroid 
hormones are general metabolic stimulants, it 
is important that the levels administered do 
not cause stress to the animal. In the present 
study, daily administration of thyroxine at 
levels slightly above the highest TSR (2.5 pg/ 
100 g) previously observed in our rats(7) did 
not adversely affect body weight indicating 


that the levels employed did not produce se- 
vere hyperthyroidism. Concomitant adminis- 
tration of 3 or 6 wg/100 g thyroxine with 1 
ug EB and 3 mg P had little beneficial effect 
upon mammary growth, although it had been 
shown these levels of ovarian steroids produce 
growth comparable to that of rats pregnant 
18-20 days(4). Upon doubling the steroid 
levels, thyroxine resulted in a significant in- 
crease in total DNA which did not occur when 
the higher levels of EB and P were adminis- 
tered alone. The failure to observe enhanced 
growth at the low dosage of EB and P may 
be due to increased metabolic removal (half- 
life) of these steroids. It is known that re- 
moval rate of cortisol is markedly elevated in 
hyperthyroidism. The increased removal rate 
of cortisol has been attributed to an increase 
in metabolic activity of hepatic cells(8). Since 
the liver is also the principal site of estrogen 
(E) and P metabolism, it is likely that re- 
moval rates of these steroids are also elevated. 
Increased metabolic removal of E and P, 
which normally exhibit a very short half-life 
(9), would tend to reduce the effective circu- 
lating level of these steroids below that which 
is necessary for additional growth. The sig- 
nificant increase in total DNA resulting from 
injection of thyroxine and the higher level of 
ovarian steroids suggests that sufficient quan- 
tities of the hormones were available to meet 
the increased metabolic requirements of mam- 
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mary tissue. Griffith and Turner (unpub- 


lished results) have recently observed an in- 
crease in total DNA of pregnant rats injected 
daily with 2.5 or 3.5 wg/100 g thyroxine. It 
has been shown also that pregnant rats fed 
desiccated thyroid exhibit precocious mam- 
mary gland development(10). These data in- 
dicate that during pregnancy endogenous se- 
cretion of E and P may be sufficient to over- 
come the increased metabolic removal of the 
steroids during hyperthyroidism and as a re- 
sult, mammary gland growth may be in- 
creased. Although the thyroid hormone is not 
essential for mammary gland growth(11), the 
present data suggest that variability in total 
mammary gland growth may be due to a de- 
ficiency in TSR or of E and P, or both. When 
the TSR is high, it is fully effective in stimu- 
lating the greatest mammary gland growth 
only when endogenous E and P secretion is 
adequate. 

Summary. 1) The effect of mild hyperthy- 
roidism upon mammary gland growth has 
been studied in adult ovariectomized rats 
treated with estradiol benzoate (EB) and pro- 
gesterone (P) for 19 days. 2) Using total 
DNA as index of mammary growth, glands 
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of animals receiving daily injections of 1 pg 
EB, 3 mg P and 3 or 6 pg/100 g thyroxine did 
not differ from that of controls. Upon doub- 
ling EB and P levels, a significant increase in 
total DNA was observed. 3) It is suggested 
that thyroid hormone may be a limiting fac- 
tor in mammary gland growth when E and P 
secretions are adequate, but when TSR is op- 
timal, E and P secretion may limit growth. 
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The intradermal route for administration of 
Asian strain Type A influenza vaccine was 
employed widely by practicing physicians in 
the fall of 1957 when the demand for vaccine 
exceeded the supply. In view of widespread 
use of this method of vaccination, this study 
was undertaken to determine the relative effi- 
ciency of various doses of vaccine in produc- 


* We wish to acknowledge the cooperation of South 
Atlantic Corps of U. S. Engineers, who provided 
volunteers which made this study possible and Dr. 
Charles C. Rand, Supt. of Grafton State School, 
Grafton, N. D., who provided convalescent sera. 


ing measurable immune responses. In Sept. 
1957 when the program was started, no clini- 
cal influenza had been reported in the study 
area. The vaccine used throughout was a 
single lot of commercially prepared mono- 
valent Type A Asian strain influenza vaccine 
which contained 1000 chicken cell agglutina- 
tion (CCA) units/ml. To administer differ- 
ent amounts of vaccine in the same volume the 
vaccine was diluted with pyrogen-free saline 
to make 4 concentrations containing 12.5, 25, 
50, and 100 CCA units in 0.1 ml. Two hun- 
dred and forty-two civilian employees from 
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the Army Corps of Engineers in Atlanta be- 
tween ages 20 and 60 volunteered for the 
study. These individuals were randomly as- 
signed to 5 groups which received 0.1 ml vac- 
cine intradermally in the volar surface of the 
forearm, (Table I). Groups I-IV received a 
second dose of vaccine after a 2-week inter- 
val; Group V received only one injection. In 
Oct. 1958, 53 weeks after initial program was 
begun, a booster vaccination was administered 
to 79 volunteers. The ‘booster dose for each 
was the same size as the first dose. Venous 
blood was collected from all volunteers prior 
to administration of the first injection of vac- 
cine (week 0), prior to second dose (week 2) 
and again 2 weeks later (week 4). Additional 
blood specimens were obtained from 75 in- 
dividuals 16 weeks after first injection. Dur- 
ing the booster phase of the program blood 
specimens were collected from all returning 
- individuals just prior to vaccine injection 
(week 53) and again 2 weeks later (week 55). 

Results. Antibody response. Antibody 
titers were determined by the hemagglutina- 
tion inhibition test using the A2/Japan/305/ 
57 antigen (EFME)(1,2). Antibody titra- 
tions were done by using 2-fold serum dilu- 
tions starting at 1:10. For calculation of 
geometric mean titers, actual titers were used 
for those classed as 320-1280 in Table I. Two 
weeks after the first injection of vaccine, 
there was slight but definite antibody response 
increasing with dose. This ranged from 15% 
in Group I to 47% in Group IV at 1:20 (Ta- 
ble I). Two weeks after the second vaccina- 
tion, the percentage of individuals with anti- 
body titers 1:20 or greater had further in- 
creased in all study groups to a range of 63 
to 90% including Group V which had received 
only one dose. However, 16 weeks after the 
first dose when 75 individuals returned for 
blood sampling, 26 individuals (35%) with 
measurable antibodies at week 4 (highest titer 
1:320) had lost all their detectable serum an- 
tibodies and 45 individuals (60%) had up to 
16-fold decreases of titers and only 4 individ- 
uals (5%) had maintained their titers. The 
geometric mean titers of different groups 
stayed approximately on the same level be- 
tween weeks 16 and 53. The booster dose in 


each group resulted in pronounced titer in- 
creases. (Table I). 

The number of individuals decreased as the 
study progressed. The individuals who par- 
ticipated in the entire study produced titers 
in the initial vaccination program which did 
not vary significantly from the total group 
and therefore were considered as a representa- 
tive sample. 

Reactions to vaccine. No individuals with 
a history of sensitivity to eggs were included 
in this study. The individuals included did 
not know what dose of vaccine they were re- 
ceiving. The sites of vaccine injections were 
observed 24 hours after first and second vac- 
cination. An increasing erythema was noted 
with increased dosage, but there was no sig- 
nificant difference in the local reaction after 
the first and second injections. The mean 
diameter of erythematous areas was 17 mm 
in Group I; 20 mm in Group II; 26 mm in 
Group III; and 38 mm in Groups IV and V. 

Careful questioning of each individual 
showed that greater doses caused more subjec- 
tive symptoms than the smaller doses. The 
proportion of individuals with systemic com- 
plaints after the first injection of vaccine 
ranged from less than 10% in Group I to 
over 50% in Groups IV and V. The most 
frequent complaints were headaches, slight 
generalized muscular aches, drowsiness, dizzi- 
ness, nasal congestion, chilly sensations and 
flushing. A few reported discomfort at site 
of injection. Three per cent of those in 
Groups I and II and 15% in groups III, IV, 
and V reported fever 6-24 hours after first in- 
jection. After the second injection of vaccine 
less generalized symptoms were reported, and 
still less after the booster injection. No gen- 
eralized urticaria or asthma were reported. 

Discussion. It is not possible to determine 
on the basis of this study how the antigenic 
effect of intradermal administration of influ- 
enza vaccine compares with subcutaneous or 
intramuscular injection of the same vaccine. 
However, one may note that the circulating 
antibody response to intradermal immuniza- 
tion in this study compares quite favorably 
with several other studies in which varying 
lots of Asian influenza vaccine were adminis- 
tered subcutaneously (3,4,5,6). 
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TABLE I. Titer Distribution Following Varying Doses of Vaccine by Intradermal Route. 


; Wk after No. of individuals Geometric mean 
Dose in vaecina- : oe ——s Hiters® 
CCA units tion Totaly <ho 10 20 40 80 160 320-1280 1 2 
Group I 
12.5 0 52 51 il 0 0 0 0 0 —<all() <10 
: 2 52 32 2 3 2 2 1 0 <10 <10 
4 39 7 7 8 119} 4 il 0 All 20 
16 19 15 2 il il 0 0 (0) 10 10 
, 53 18 13 2 0 2 1 0 0 10 10 
i595) 18 0 0 5 5 3 5 0) 54 54 
Group II 
25.0 0 47 47 0 0 0 0 0 0 <10 <i 
2 2 47 25 6 8 4 3 0 al 11 <10 
4 33 if 5 6 8 2 4 il 24 34 
16 10 9 0 0 il 0 0 0 10 10 
fy Do 11 Ht 3 0 0 1 0 0 10 10 
55 11 1 0 if 5 1 2 i 51 51 
Group III 
50.0 0 50 49 1 0 0 0 0 0 <10 <10 
ke 2 50 26 5 a: 3 4 1 0 lal ial 
4 25 3 6 3 8 2 2 41 40 
16 14 10 2 0 2 0 0 0 10 10 
@ 53 15 ial 1 1 1 1 0 (0) 10 10 
55 1155 0 0 0 4 6 3 y 100 100 
Group IV 
100.0 0 93 93 0 0 0 0 0 0 <10 E<ali() 
a 2 93 36 13 15 12 9 2 6 Wi Pall 
4 20 1 il 4 6 3 2 3 Dill 69 
16 14 5 5 2 0 0 1 1 1183 16 
i 53 10 4 2 il i iL 1 0 15 15 
55 10 0 0 0 2 0 4 4 Pali 211 
Group V 
100.0 0 93 93 0 0 0 0 0 0 <10 <10 
2 93 36 13 15 We 9 2 6 iy 16 
4 48 ia af 13 a 5 il 4 22 26 
16 18 10 2 0 3 il 2 0) 13 14 
e 5 25 ial 4 6 ei 2; 0 0 11 11 
5 25 0 0 1 6 if 8 3 100 100 


* ]—Ineludes all sera tested. 
wk blood tests. 

It is probably impossible to establish any 
single level of circulating antibody which 
would represent an adequate protective titer 
against “natural infection.” In the study of 
Bell and associates(7) in which vaccinated 
and non-vaccinated individuals were chal- 
lenged with live virus, there was evidence of 
vaccine protection in those who had devel- 
oped detectable antibody titers 1:10 or 
greater, following vaccine. The authors of 
this paper measured the circulating antibody 
level of 65 nonimmunized convalescents ap- 
proximately 3 weeks after illness. In this 
group 82% of the convalescents had titers 
1:20 or higher and 52% 1:40 or higher. The 
geometric mean titer of the convalescent 
group was 1:29. These antibody values com- 


2—Ineludes only those individuals who returned for 53 and 55 


pare closely with those in Groups II and III 
in the present study. 

If the circulating antibody responses in 
different vaccination groups are compared, 
one will note that 2 doses of 50 CCA units at 
2 week intervals gave better antibody response 
than a single dose of 100 CCA units and even 
2 doses of 12.5 CCA units of vaccine resulted 
in a response comparable to a single dose con- 
taining 4 times as much total antigen. 

Attempts were made to determine the pro- 
tective value of the vaccination during the 
epidemic which followed in Atlanta several 
weeks after immunizations were completed. 
Although follow-up studies could not be per- 
formed on the total number of cases scattered 
throughout the metropolitan area, some infor- 
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mation was collected which indicates that the 
intradermal vaccinations had considerable ef- 
fect. Thus, 7 of 166 participants (4%) who 
completed a clinical questionnaire had symp- 
toms comparable with influenza. This is in 
contrast to 28 cases with similar symptoms 
among 199 non-vaccinated family contacts 
(14%). Ratio of the attack rates in non- 
vaccinated and vaccinated groups in the pres- 
ent study(3.7) is interestingly similar to the 
corresponding ratio (3.6) in the study of 
Sigurjonsson et al.(8) even though the attack 
rates in the latter were much higher. 


Undesirable side reactions from vaccina- 
tions are factors which greatly affect accep- 
tance of a vaccination program. Although the 
amount of vaccine injected affects reaction 
rate and severity of the reaction, other studies 
performed simultaneously with this study but 
using different vaccines clearly indicated that 
reaction rate and severity of reaction vary as 
much from vaccine lot to vaccine lot as they 
varied in this study from dose to dose. 


Summary. The immune response elicited 
by 2 intradermal injections of 0.1 ml mono- 
valent Asian A influenza vaccine administered 
2 weeks apart was related to the antigenic po- 
tency of the vaccine. Individuals developing 
detectable antibodies 2 weeks after the second 
injection varied with dose from 44 to 70% 
with titers 1:40 or greater. Using the same 
lot and dosage schedule of vaccine an intra- 
dermal booster immunization administered 53 
weeks after first vaccinations, induced marked 
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rise in titers which were also related to dose. 
The geometric mean titers which ranged from 
1:21 to 1:51 two weeks after second injection 
of vaccine rose to 1:51 to 1:211, 2 weeks after 
booster injection. In the present study, 2 
separate injections of 50 CCA units resulted 
in better antibody responses than single injec- 
tions of 100 CCA units. Even the response to 
2 injections of 12.5 CCA units is as good as 
the response to single doses 4 times as large. 
Systemic and local reactions increased with 
unit dose of vaccine but no serious reactions 
occurred with the lot of vaccine used through- 
out this study. 
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ALFRED R. Maass, Paut L. CarrEy,* ROBERT E. HAMILTON,t AND ARTHUR E. HEMING 
Smith Kline & French Labs., Philadelphia, Pa. 


3-0-Tolyloxy-1,2-propanediol, mephenesin, 
a muscle relaxant, is characteried by an ex- 
tremely short duration of action. Two meta- 
bolic products, 3-(0-tolyloxy) lactic acid (1,2) 


* Present address, Ralston Purina Co., St. Louis, 
Mo. 

t Present address, Western Reserve Univ., Cleve- 
land, O. 


and 3 - (4-hydroxy-2 - methylphenoxy) lactic 
acid(3,4,5) have been identified in dog and 
human urine following administration of me- 
phenesin. Aside from these in vivo observa- 
tions, in vitro metabolism of this compound 


has not been reported beyond the brief com- — 


ment of Maass, et al.(6). The metabolism of 
mephenesin by mouse and rat liver slices has 


a 


har 
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TABLE I. Mephenesin Metabolism in 60 Min. by Rat and Mouse Liver Slices. 


Mephenesin metabolized 3-(0-tolyloxy ) lae- 


No. of (by difference) tic acid formed, 
Animal exp. Buffer pmole umole/g + 8.D. pmoles 
Rat. 2 K.R. phosphate 3.41 791 2.94 
Mouse 5 ue 3.09 9.14 + 2.63 1.63 
Rat 2 K.R. bicarbonate 2.50 6.24 131 
Mouse 5 - 5.64 14.58 + 3.22 2.81 


been studied under various experimental con- 
ditions and the principal metabolite has been 
identified and assayed. 


Methods. Approximately 400 mg _ fresh 
weight of liver from adult rats or mice, usually 
5 or 6 slices, were incubated with 11 »M 
mephenesin in 20 ml Krebs-Ringer (K.R.) 
phosphate (pH 7.4) or bicarbonate buffer 
(pH 7.4) in a 125 ml Warburg flask. The 
flasks were incubated for 30 to 180 minutes 
at 38°C with either 100% oxygen or 95% 
oxygen and 5% carbon dioxide. Phthalate, 
ethylene diamine, or borate buffers at pH 6.1, 
7.4 and 8.1 were also tried but the reaction 
proceeded more rapidly in K.R. phosphate or 
bicarbonate buffer. The reaction was stopped 
by filtering the medium rapidly through 
Whatman No. 41 filter paper to separate me- 
dium and tissue. Trichloroacetic acid, which 
might have been used to stop the reaction, 
was found to interfere with the ultraviolet as- 
say of the substrate and product, therefore, 
the filtration procedure was devised. After 
incubation the medium was routinely assayed 
for both mephenesin and 3-(o0-tolyloxy) lactic 
acid(7). Mephenesin was exhaustively ex- 
tracted from the incubation medium (pH 
6.0-8.1) with ether. The medium was then 
adjusted to below pH 3.0 in order to suppress 
the ionization of the 3-(o0-tolyloxy) lactic acid, 
which then was also readily extracted with 
ether. Substrate and product present were 
determined by recording the absorbance of the 
ether solutions between 240-300 mp. The 
quantity of mephenesin or 3-(o-tolyloxy ) lac- 
tic acid present was calculated from the ab- 
sorbance at 270 mp. The lack of absorbance 
at 290 mp demonstrated the absence of any 
detectable quantity of 3-(4-hydroxy-2-me- 
thylphenoxy)lactic acid(4). To prove the 
identity of 3-(o-tolyloxy)lactic acid, the 
pooled ether extract was concentrated to 10 


ml, then shaken gently with 10 ml of 0.1 N 
NaOH. Both layers were assayed spectro- 
photometrically at 300 and 270 mp. Since 3- 
(o-tolyloxy)lactic acid is more readily sol- 
uble in NaOH than in ether, the presence of 
the characteristic ultraviolet absorption spec- 
trum in the NaOH and the absence of ab- 
sorption in the ether served to identify the 
reaction product. Mephenesin has a parti- 
tion coefficient of 4.155 + .093 in this sys- 
tem. Recovery of mephenesin, incubated with 
heat inactivated liver slices averaged 101.0% 
with a standard deviation of 5.7%. A small 
and variable amount (2.3 to 6.2%) of the 
mephenesin in the medium adhered to the 
tissue slice. Therefore, the tissue as well as 
the medium was assayed for mephenesin. Re- 
covery of 3-(o0-tolyloxy)lactic acid averaged 
102.8 + 3.2% in bicarbonate buffer and 106.1 
-+ 3.0% in phosphate buffer. There was no 
apparent tissue binding of the 3-(o-tolyloxy) 
lactic acid. 

Results. A heat labile enzyme system 
present in rat or mouse liver slices rapidly 
oxidized mephenesin to 3-(o-tolyloxy) lactic 
acid (Table I and Fig. 1). Rat or mouse 
liver homogenates, supplemented with various 
cofactors under these conditions, did not cause 
oxidation of mephenesin. No metabolism oc- 
curred in presence of 100% nitrogen. 

Representative data showing the relation- 
ship of mephenesin oxidation to tissue weight, 
substrate concentration and incubation time 
have been indicated in Figs. 1-3. The mmoles 
of mephenesin metabolized was directly re- 
lated to amount of enzyme present (Fig. 1) 
but amount of 3-(o-tolyloxy)lactic acid 
formed was not proportional to tissue weight. 
The pmoles of mephenesin metabolized per 
gram of fresh tissue was apparently a linear 
relationship with time up to 60 minutes (Fig. 
ae 
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FIG. 1. ymoles of mephenesin oxidized (@) and 3-(0-tolyloxy)lactic acid (C) formed by in- 
creasing weight of mouse liver slices incubated in K.R. phosphate buffer (pH 7.4) for 60 min. 
FIG. 2. ymoles of mephenesin oxidized by rat liver slices (@) in K.R. phosphate buffer (pH 
7.4) or by mouse liver slices (C) in K.R. bicarbonate buffer (pH 7.4) between 30 and 180 min. 
FIG. 3. Effect of substrate concentration on the rate of oxidation of mephenesin. Mouse 
liver slices incubated for 30 min. (©) or 60 min. (@) in K.R. bicarbonate buffer (pH 7.4). 
FIG, 4. Effect of increasing substrate concentration [s] on observed velocity (v) of mephene- 
sin oxidation. Mouse liver slices incubated for 30 min. (GC) or 60 min. (@) in K.R. bicarbonate 
buffer (pH 7.4) contaiming 0.27 to 4.89 mM of mephenesin. Since reaction rate was linear for 
at least 60 min. the wmoles of mephenesin oxidized/g of fresh tissue/30 min. was doubled in 


calculating reciprocal of velocity. 


The optimum substrate concentration was 
determined by incubating varying concentra- 
tions of mephenesin in bicarbonate buffer with 
approximately 400 mg of mouse liver slices 
(Fig. 3). The oxidation was depressed at low 
substrate concentrations, presumably due to 
a dilution effect. The maximum percent of 
substrate oxidized occurred between 1500- 
2000 wg. However, since rate of oxidation 
appeared to fall with increasing substrate con- 
centrations, the data were extended and a 
Lineweaver and Burk(8) plot of the data 
(Fig. 4) clearly indicated inhibition of oxi- 
dation at concentrations above 200 y/ml sug- 
gesting that the enzyme has 2 points of at- 


tachment for the substrate. It is obvious that 
mephenesin was not completely converted to 
3-(o0-tolyloxy)lactic acid (Table I). This 
suggested that either the 3-(0-tolyloxy) lactic 
acid was being further metabolized or that an 
intermediate metabolite between the alcohol 
and the acid was being formed. Although a 
number of conditions were tried none were 
found which would force the metabolism of 
3-(0-tolyloxy)lactic acid. Addition of in- 
creasing amounts of 3-(o-tolyloxy) lactic acid 
to the medium actively oxidizing mephenesin 
had only a slight effect on rate of mephenesin 
metabolism (Table II). However, since there 
was a marked reduction in amount of 3-(o0- 
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TABLE II. Effect of Increasing Amounts of 3-(0- 
tolyloxy )lactic Acid on Metabolism of Mephenesin. 


Mephenesin 3-(0-tolyloxy ) - 


3-(0-tolyloxy )- metabolized* lacti¢ acid 
lactic acid, (by difference) formed, 
pmolesadded  wmoles pmoles/g pmoles 
0) ; 5.88 16.59 3.40 
1.61 5.76 16.07 3.23 
5.29 6.15 16.14 2.47 
10.47 5.65 15.21 1.58 
20.93 5.80 14.79 sll} 
41.88 5.36 14.29 0 


* K.R. bicarbonate buffer, 60 min. incubation. 


tolyloxy)lactic acid formed, these data sug- 
gested that an intermediate metabolite was 
formed and that 3-(o0-tolyloxy) lactic acid was 
not the immediate but the final product of 
mephenesin metabolism. 

Since an aldehyde seemed to be the most 
likely intermediate, mouse liver slices were in- 
cubated with aldehyde trapping agents. Ad- 
dition of either sodium bisulfite, hydroxyla- 
mine or semicarbazide at 10* and 10% M 
concentrations, which had no effect on oxygen 
consumption of the slices, had no effect on 
rate or extent of mephenesin oxidation, nor 
did they significantly alter amount of 3-(o- 
tolyloxy )lactic acid formed. 

Alcohol and aldehyde dehydrogenases have 
been shown to require intact sulfhydryl groups 
for activity. Addition of iodoacetic acid to 
the medium indicated that mephenesin me- 
tabolism was sensitive to sulfhydryl inhibi- 
tors, for the oxidation was completely inhib- 
ited by concentrations as low as 3 mM. Pre- 
liminary studies indicated that mephenesin 
was not metabolized by mouse diaphragm, 
heart, spleen, or brain slices. Kidney slices 
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oxidized mephenesin slowly. 

Berger(9) reported that the LD;, for me- 
phenesin, administered intravenously,  in- 
creased from 195 mg/kg for the rat, to 220 
mg/kg for the rabbit, to 322 mg/kg for the 
mouse. These data suggest that the mouse 
metabolizes the drug more rapidly than the 
rat. Our observations on the rapidity of me- 
phenesin oxidation by the rat and the mouse 
support this conclusion. 

Summary. 1. Mephenesin is oxidatively 
metabolized im vitro ‘by rat and mouse liver 
slices to 3-(o-tolyloxy)lactic acid. 2. Me- 
phenesin metabolism was markedly inhibited 
by increasing substrate concentration, but was 
not altered by presence of increasing concen- 
trations of the product, 3-(o0-tolyloxy) lactic 
acid, in the medium. 3. Metabolism of me- 
phenesin was readily inhibited by iodoacetic 
acid, but was unaltered by aldehyde trapping 
agents at 10° M. 


1, Graves, E. L., Elliott, T. J., Bradley, W., Nature, 
1948, v162, 257. 

2. Riley, R. F., Berger, F. M., Arch. Biochem., 
1949, v20, 159. 

3. Berger, F. M., Schwartz, R. P., J. Am. Med. 
Assn., 1948, v137, 772. 

4. Riley, R. F., J. Am. Chem. Soc., 1950, v72, 5712. 

5. Ludwig, B. J., Luts, H., West, W. A., ibid., 
OS. NIE, SITAR 

6. Maass, A. R., Carey, P. L., Heming, A. E., Fed. 
E706, 1953, V2, 345: 

Je , Analyt. Chem., 1959, v31, 1331. 

8. Lineweaver, H., Burk, D., J. Am. Chem. Soc., 
1934, v56, 658. 

9. Berger, F. M., Pharmacol. Rev., 1949, vl, 243. 


Received October 20, 1959. P.S.E.B.M., 1960, v103. 


(25444) 


(Introduced by Margaret Pittman) 


Division of Biologics Standards, NJ.H., P.H.S., U. S. Dept. of Health, Bethesda, Md. 


Following discovery by Flick(1) that red 
blood cells treated with formaldehyde could 
be preserved for long periods of time, several 
investigators(2-4) devised methods of prepar- 
ing formalinized cell reagents in which special 
properties of red cells were utilized(5). We 


prepared formalinized red cells by published 
methods which were not satisfactory for use 
in agglutination tests by the pattern method 
(6), because of crenation, inseparable clumps, 
and non-specific aggregation. Then we devised 
a method that permitted us to prepare con- 
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sistently, formalinized red blood cell suspen- 
sions of the desired quality. Cells thus pre- 
pared have been distributed and used suc- 
cessfully for various purposes(7). Although 
some improvements in technic have been de- 
scribed(8-11), a general analysis of the fac- 
tors affecting formalinization is lacking. This 
paper describes our method and discusses the 
principles upon which it was designed. 
Materials and methods. Bloods collected 
through a system thoroughly wetted by and 
into modified Alsever’s solution(12) were 
stored at 4°C up to 4 weeks before use. Proc- 
essing the cells within a few days after collec- 
tion was advantageous because fresh cells 
were less fragile. On day of formalinization 
the cells were separated (for example from 
100 ml of blood) by centrifugation at 600 to 
1000 g and washed 5 to 7 times in 10 volumes 
(500 ml) of cold 0.85% NaCl solution. Dur- 
ing washing and at subsequent stages of pro- 
cedures, care was taken to avoid foaming of 
the liquid. The washed packed cells (50 ml) 
were resuspended in not less than 8 volumes 
(400 ml) of phosphate-buffered saline solu- 
tion (0.009 M NasHPO,, 0.006 M KH»PO,, 
0.135 M NaCl) at pH 6.8 to 6.9. Formalde- 
hyde solution, 40%, U.S.P., pH 5.5 to 6.0, 
equal to 1% (100 ml) of volume of cell sus- 
pension, was poured into a cellophane dialysis 
sac (flat width 2.5 cm), twisted and knotted 
at one end. The tubing was cut off so that 
about one-third of sac remained empty. The 
air was expelled and the open end tied off. 
This sac was placed on bottom of beaker, and 
the cell suspension poured over it. The 
beaker was agitated at room temperature on 
mechanically operated orbital shaker. Speed 
of shaker was adjusted to provide most vigo- 
rous mixing action attainable without causing 
more than a small amount of foam. After 2 
hours, the cellophane sac was removed and its 
contents poured into the beaker. Shaking 
was continued for additional 12 to 18 hours. 
Then a mass of clotted cell debris was usually 
found floating on surface of liquid or adhering 
to walls of beaker. With care in decanting 
the suspension into a clean container or filter- 
ing it through surgical gauze, it was not dif- 
ficult to exclude all debris. To the homo- 


genous cell suspension was added Y% volume 
(250 ml) of saline, then cells were washed 6 
times in about 750 ml. More meticulous 
washing seemed unnecessary, as our observa- 
tion in agreement with Cox(3) indicated that 
some formalin may be added without causing 
further change in the cells; a repeated for- 
malinization had no detectable effect on the 
cells. Finally, the packed formalinized cells 
(about 60 ml) were suspended in an equal 
volume of saline, with or without 0.02% thi- 
merosal, and stored as 50% stock suspension 
at 4<C. 

Results. After many trials with changes 
and variations in technics, the above method 
was selected. It has been used satisfactorily 
in preparation of red cells from 7 species of 
animals—-human, bovine, rabbit, guinea pig, 
chicken, alligator and sheep. With the latter, 
however, it was desirable to use 0.85% NaCl 
solution instead of phosphate-buffered saline 
solution. With this minor modification, 24 
successful preparations have been obtained. 

The final cell suspensions typically were 
brown, changing to reddish-brown upon dilu- 
tion. For a few days after dispersion, the 
cells were readily redispersed by gentle shak- 
ing. After a longer period, more thorough 
shaking was necessary to obtain a uniform 
suspension, but the cells showed compara- 
tively little tendency to stick to walls of ves- 
sel or to aggregate nonspecifically. When ex- 
amined microscopically (Fig. 1a), suspensions 
contained individual cells (not more than 2% 
of cells were aggregated), which were sl'ghtly 
larger and more nearly spherical in shape than 
untreated cells of the same species. The 
smooth convex periphery of treated cells is 
illustrated in Fig. 2. 

After formalinization, these cells were not 
subject to hemolysis in hypotonic salt solu- 
tions or in presence of complement and spe- 
cific antibody. Their resistance to mechani- 
cal injury was excellent, and they sustained 
no discernible change in properties after stor- 
age for one year or longer at 4°C. 

The sharp endpoints and distinct negative 
patterns of which these cells are capable, are 
illustrated in the hemagglutination test shown 
in Fig. 3. Sheep erythrocytes sensitized with 
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FIG. 1. Formalinized red blood cells prepared 
by present method (a); and according to published 
methods(1-4), pool of 4 preparations (b). 

FIG. 2. Electron micrographs of a formalinized 
sheep (a) and chick (b) red blood cell. 

FIG. 3. Hemagglutination on Takatsy plate us- 
ing anti-Vi serum and Vi sensitized formalinized 
sheep cells. 


Vi antigen were used in this experiment in a 
modification of the Takatsy plate method 
(13). Two-fold serial dilutions of Vi anti- 
body were made in saline solution (0.025 ml) 
and the sensitized formalin-treated erythro- 
cytes (0.025 ml of a 0.33% suspension) were 
added. Homogeneity of treated cells is in- 
dicated iby sharpness of endpoint. In the sec- 
ond line a double amount of cells (0.05 ml) 
was used with no change in endpoint. With 
higher concentrations of Vi antigen, shown in 
top lines, the titer decreased and negative pat- 
terns were more distinct because of the agglu- 
tinative protective property of the Vi antigen. 
This conforms with previous findings(14). 


Formalinized cells prepared from blood 
from different species of animals have been 
successfully sensitized with Vi antigen. In 
addition, tannin treated or diazotized forma- 
linized cells have been sensitized with diph- 
theria and tetanus toxoids, respectively, and 


sheep cells so treated are used routinely in a 
study to be published. 

Discussion. Yo produce distinct negative 
patterns in hemagglutination tests, suspen- 
sions of erythrocytes must be not only rela- 
tively free of aggregated cells but the individ- 
ual cells also must have those properties which 
favor their collection into a compact button- 
shaped mass at the bottom. Ideally, the cells 
should be spherical, with smooth surfaces that 
are not sticky and do not adhere to wetted 
glass. To obtain formalinized cells with these 
qualities the following principles were applied. 
(1) Thorough washing of cells, prior to addi- 
tion of formaldehyde, avoids stickiness which 
can result from gelling of plasma proteins on 
cell surface(15). Further, an hemolysate, 
free of cells treated with formalin, would 
readily gel or form clumps. Hence excessive 
washing which increases cell fragility and he- 
molysis is to be avoided. (2) High dilution 
during formalinization decreases concentra- 
tion of contaminating plasma or hemolysate, 
and reduces the chances for cell contacts 
which influence aggregation and distortion. 
(3) Shaking distributes cells uniformly and 
helps to eliminate gel forming contaminants 
by promoting formation of a discrete pellet. 
Excessively vigorous agitation is disadvan- 
tageous, particularly if considerable foam ap- 
pears, since deformation or lysis of cells may 
occur at air-water interface. (4) Slow addi- 
tion of formaldehyde solution by dialysis per- 
mits counteractions to take place. Increasing 
concentration of formalin tends to cause cre- 
nation of cells, while declining pH and osmo- 
larity cause cells to swell and assume smooth 
rounded shapes favorable to subsequent use in 
hemagglutination tests. On the other hand 
these factors increase the probability of he- 
molysis. The method described represents a 
balance between contesting requirements. 


Summary. An improved method for for- 
malinization of erythrocytes from different 
species of animals is described. Reproducible 
preparations, relatively free from crenation 
and non-specific agglutinability, are satisfac- 
tory for various agglutination tests by the 
pattern method, and may be stored for one 
year or longer at 4°C without loss of capacity 
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to react in these tests. The principles applied 
to attain satisfactory formalinized cells are 
discussed. 


The author wishes to thank Roland Mills for 
technical assistance, and Dr. C. W. Hiatt for the 
electron micrographs. 
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Instability of Metabolic Quotients Obtained from Tissue Cultures.* (25445) 


H. J. Purtiips aNnp R. V. ANDREWS 
Dept. of Physiology and Pharmacology, Creighton University School of Medicine, Omaha, Neb. 


To compare the metabolism of one tissue 
culture with that of another they should be 
maintained under conditions that yield repro- 
ducible results. Serum in tissue culture me- 
dium introduces a variable. Since serum is 
not chemically defined, much work has been 
done to devise synthetic growth media. Some 
tissue cultures have been grown in absence of 
serum(3,4) but these conditions are the ex- 
ception rather than the rule, because most cell 
strains must still be maintained in serum. Al- 
though use of serum in nutritional studies can 
be questioned, there has been little objection 
to its use for growing cells for subsequent 
metabolic determinations, especially if cells 
are washed and resuspended in a chemically 
defined solution before the determination is 
made. We noted previously(7) that HeLa 
cells grown in medium containing human se- 
rum respired and formed lactate at a greater 
rate than the same cells grown with horse 
serum. These observations suggested the 
possibility that tissue cells grown in serum 


* Supported by grants from Nat. Cancer Inst. and 
Nebraska Heart Assn. Preliminary report presented 
at Am. Physiol. Soc. Meeting, Urbana, Sept. 1959. 

Technically assisted by Vera Skank, 


from different members of the same species 
may respire and form lactate at different rates. 


Materials and methods. Earle’s Strain L 
cells were grown in saline solution containing 
0.5% enzymatic lactalbumin hydrolysate plus 
20% horse serum. Cultures were gassed with 
5% COs in air. Saline solution contained in 
g/liter: NaCl 6.5, KCl 0.29, MgSO; - 7H2O 
Onze CaCle 0.14, NaHCO; 2.06, Na2HPO, 
0.15, glucose 2, phenol red 0.05, lactalbumin 
5. This and other solutions used, with the ex- 
ception of trypsin, contained inorganic salts in 
about the same ratio as in interstitial fluid 
(12) and had a tonicity equivalent to 0.93% 
sodium chloride solution as determined by 
freezing point depression. All solutions were 
buffered at pH 7.2. At the start of experi- 
mentation, cells were grown in 1.9, 7.5, 15, 20, 
and 30% horse serum to determine optimal se- 
rum concentration for growth. Media was re- 
newed every third day and after 10 days the 
live cells in each culture counted(8). These 
results graphed in Fig. 1 indicate that 15-20% 
horse serum plus lactalbumin medium was op- 
timal for growth of Strain L cells. To pre- 
pare cells for metabolic determination, they 
were freed from T-60 culture flasks(2) with 
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FIG. 1. Effect of horse serum concentration on 
growth of Strain L cells. Each point represents 
mean population of 4 roller tube cultures. 


FIG. 2. Effect of pH on rate of lactate forma- 
N 0 
tion and oxygen uptake. Ocx and On, are graphed 


so that lines do not overlap; rate of both decreases 
as pH becomes lower. 


trypsin on day following renewal of culture 
medium. The trypsin solution contained 2.5 
g trypsin (Nutritional Biochemical Corp. 
1:300) in one liter of 0.9% NaCl, and was 
buffered with 0.29 g Nas:HPO, and 0.04 g 
NaHoPO, - H2O. Cells were dispersed by 
passing them back and forth through a 
syringe. They were then collected by centri- 
fugation and half of the cells resuspended in 
a bicarbonate buffered solution and half in 
one buffered with phosphate. The bicarbo- 
nate solution contained in g/liter: NaCl 7.03, 
KCl 0.29, MgSO, - 7H2O 0.21, glucose 2, 
CaCl, 0.14, NasHPO, 0.15, NaHCO; 2.06 
and gelatin 5. The phosphate solution con- 
tained: NaCl 8.42, KCl 0.29, MgSO, ° 7H2O 
0.21, glucose 2, NaH2POs, ° H.O 0.04, CaCle 
0.14, NasHPO, 0.31 and gelatin 5. Gelatin 
was added as a protective agent to each solu- 


tion because it yielded about 25% more live 
cells(5) than saline alone. The bicarbonate 
solution was used to suspend cells for deter- 
mining lactate. Reaction vessels were gassed 
with 5% COs, either in air or in nitrogen. 
Lactate was determined chemically as previ- 
ously described(9). Under these conditions 
pH 7.2 was held constant which was neces- 
sary because it had been found that lactate 
formation varied greatly with slight changes 
in pH(9). Respiration was not affected by 
slight changes of pH as long as pH remained 
within a range not harmful to tissue cultured 
cells(8). Results that illustrate the effect of 
pH change on glycolysis and respiration are 
graphed in Fig. 2. As pH in phosphate buf- 
fered saline decreased due to acid formation, 
rate of lactate formation also decreased; how- 
ever, if pH was held constant with strong bi- 
carbonate buffer, lactate formation continued 
as a straight line function with time. Rate of 
oxygen uptake in phosphate buffered saline 
did not change even though pH decreased. As 
a result of these observations glycolysis was 
measured in bicarbonate and respiration in 
phosphate buffered saline in an atmosphere of 
air by the Direct Method of Warburg(10). 
All determinations on the Warburg respiro- 
meter were made at 37.5°C and metabolic 
values expressed in terms of live cell counts, 
made as previously described (8). 

Results. Strain L cells which had been 
grown for 30 days in medium containing horse 
serum A, had a stable rate of respiration and 
lactate formation. These results are shown in 
Table I for 30th and 31st day of experiment. 
On 32nd day, the cells were changed to a me- 
dium containing horse serum B. After the 
cells had been grown in this serum for 19 
days, lactate formation in air was greatly in- 
creased; aerobic glycolysis was about the 
same as anerobic glycolysies. Thirty days 
after cells had been in horse serum B, respira- 
tion and lactate formation stabilized, but at 
a rate higher than observed in horse serum A. 
Starting on 67th day the experiment was re- 
peated by growing cells in serum C and simi- 
lar results were obtained. 

These results indicate that respiration and 
glycolysis of tissue cultured cells may change 
when culture medium serum is changed. This 
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TABLE I, Change of Strain L Cell Metabolism 
with Change in Culture Media Horse Serum. 


Serum 


Day of in Amt Days in O» Ns 
exp. medium (1) serum Qo. Qua Qua 
3() A 9-10 30 1.4 4.6 12.8 
31 A 31 1.6 Dall 10.9 
50 B 8 19 1.4 18.7 20.7 
61 B 30 Del Spl Wiel 
66 B 35 2.8 9.5 Bowe 
81 C 4 15 25 18.3 19.6 
97 C 31 3159 10.0 23.0 
98 (@ 32 sei, 11.0 22 


Qo,— oxygen uptake, 


Q = mm?/10° live cells/hr. 
Qia—lactate, mean of 


mean of 12 determinations. 
4 determinations. 


occurs even though serum is from the same 
species of animal, and when cells are washed 
and resuspended in saline before a metabolic 
determination is made. A change in me- 
tabolism by changing culture serum, is first 
reflected by an increase in aerobic lactate for- 
mation which is out of proportion to respira- 
tion or anerobic lactate formation. After the 
cells have been grown in a particular serum 
for about 30 days, adaptation appears to oc- 
cur and metabolism stabilizes at a new level. 

Cells had to be grown in a particular se- 
rum to change the metabolism. This can be 
shown in another way than that described 
above. Cells grown in serum C respired for 
several hours at the same rate even after they 
were washed and resuspended in either saline, 
serum C or serum A (Table II). These re- 
sults also indicate that respiration, as meas- 
ured, is not immediately affected by possible 
metabolite differences of the 2 sera. 

Rate of oxygen uptake is related to growth 
rate. If growth rate is lowered by reducing 
incubator growth temperature to 31°C, res- 
piration is subsequently lowered (Table II). 
That is, respiration is lower even though ac- 
tual determinations were made at 37.5° in 
phosphate saline. Similar effects can be ob- 
tained by changing the quality of serum. A 
greater percentage of serum is collected from 
blood if an animal is bled excessively. Simply 
stated, blood becomes more dilute as hemor- 
rhage progresses, which is one of the physio- 
logical mechanisms for maintaining blood vol- 
ume. As an example, serum B was obtained 


from a horse bled 8 liters. It was lighter in 
color and contained less solids than serum 
from a horse bled 4 liters (serum C). The lat- 
ter serum appeared to contain more nutrients 
since it stimulated growth of cells better than 
the former. Metabolism was also higher for 
cells grown in the more concentrated serum 
(serum C) than for those grown in serum B 
as indicated in Table I. A similar effect ap- 
pears to occur by lowering culture serum con- 
centration from 20 to 10%, Fig. 2. Respira- 
tion was higher for cells grown in 20% serum 
than for those grown in 10%. Actually the 
values are not statistically different. The dif- 
ference (P<.08) in respiration falls just be- 
low the arbitrary 5% level of significance and 
for this reason are considered indicative rather 
than factual. 


Discussion. There appear to be 2 mechan- 
isms which could explain the results in our 
experiments. Young or rapidly dividing cells 
have a metabolic rate different from that of 
old cells. Culture conditions which alter 
growth rate can also alter the ratio between 
young and old cells and therefore alter 
the metabolic picture. Our results and ob- 
servations support this conclusion. Other 
evidence comes from an earlier report(6), 
in which we found that Strain L cells 
had a higher rate of oxygen uptake, if kept in 
a rapidly dividing state as compared to an 
old culture. Respiration of cultures fed the 
day before a Warburg test was twice that of 
cultures which had not been fed for 5 days. 

When cells are transferred from one serum 
to another, aerobic lactate formation rises to 
a level which is out of proportion to oxygen 
uptake or anerobic lactate. Adaptation to 
the medium appears to occur in about 30 


TABLE II. Effect of Growth Temperature or 
Serum on Respiration of Strain L Cells. 


Serum 

in Growth 
medium Warburg solution temp. Qo, 12 
20%—C Saline Si ao 

A 44 + 10% serum A : a5 

; ap We 3.3 

20%—D a s 3.2 <.01 

B 3 31 2.2 
20%—D S o7 Sell 08 
10%—D 3 ": 2.8 ae 
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days and aerobic lactate returns to a mod- 
erate level. An explanation for this reaction 
or mechanism is unknown. 

Our results introduce several important 
problems. If one wants to compare meta- 
bolism of one strain of tissue cultured cells 
with that of another they should be grown 
under the same conditions and in the same 
medium. The same applies if one compared 
metabolism of a normal tissue cultured cell 
to that of a tumor or virus infected one. Meta- 
bolic quotients for respiration or glycolysis 
of tissue cultured cells when considered alone, 
have little quantitative significance. These 
values cannot be duplicated precisely because 
sera from various laboratories will differ. 

Although the exact nature of serum may 
not be known, various cell strains can be 
grown in a particular serum under identical 
conditions for a limited time, to compare 
metabolic rates. Cells derived from either 
normal or malignant tissue can thus be 
grown in tissue culture systems at a similar 
rate. Tissue cultured cell strains derived 
from normal or malignant tissue, in the same 
medium, growing at similar rate, have the 
same rate of respiration and lactate forma- 
tion(1). Is it possible that respiration and 
glycolysis of a tumor differ basically from 
that of a normal tissue or could it be that the 
difference is due to a dominance of rapidly 
growing young cells? There is evidence that 
rapidly growing tissue such as bone marrow 
(11) and embryonic tissue, even when taken 
directly from the host, presents a metabolic 
picture similar to that associated with tumors. 

Summary. Maximal growth of Earle’s 
Strain L cells is obtained by using 15-20% 
horse serum with a medium containing 0.5% 
lactalbumin hydrolysate. Rate of lactate for- 
mation decreases as pH decreases but remains 
constant if the suspension is adequately buf- 
fered with bicarbonate. Respiration contin- 
ues as a straight line function with time even 
though pH decreases. Sera from different 


horses affects growth rate of tissue cultures 
differently and as a consequence a culture in 
one horse serum may contain more rapidly 
dividing cells than another culture in another 
horse serum. Young, rapidly growing tissue 
cultured cell strains respire and glycolyze at a 
greater rate than old ones. This difference in 
metabolic rate occurs even though the cells 
are washed free of culture medium and resus- 
pended in balanced saline solution before the 
metabolic determination is made. Metabolic 
rate is related to growth rate. This can be 
easily demonstrated by simply growing the 
cells at 31°C even though the actual deter- 
mination is made at 37.5°C. Metabolic quo- 
tients obtained on tissue cultures grown in 
serum, have little quantitative significance 
when considered alone, because serum is not 
chemically definable. 
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fsolation and Characterization of Prototype Viruses ECHO-26, ECHO-27, 


Coxsackie B-6.*t 


(25446) 


Witit1AmM McD. Hammon, Davin S. YOHN AND Rose A. Pavia 
Dept. of Epidemiology and Microbiology, Graduate School of Public Health, Univ. of Pittsburgh 


In December 1955, the Committee on 
ECHO Viruses of the National Foundation 
described common properties of the first 13 
ECHO prototype viruses(1). Subsequently 
the scope of the Committee was expanded to 
include Coxsackie and polioviruses and was 
renamed Committee on Enteroviruses(2). 
This Committee presently recognizes 3 types 
of poliovirus, 28 types of ECHO viruses, and 
6 types of Coxsackie B. As yet no action has 
been taken on Coxsackie A group. This re- 
port describes the recently accepted enterovi- 
rus prototypes, ECHO-26 and 27 and Cox- 
sackie B-6, which we isolated from rectal 
swabs collected in the Philippine Islands dur- 
ing a longitudinal epidemiological study of 


enteroviruses at Clark Air Force Base 
(CAFB), Luzon, in 1953(3). 
Materials and methods. 1. Sources. ¥Es- 


sential details of source of each prototype vi- 
rus are presented in Table I. All came from 
normal persons, 2 of whom were children, and 
1 an adult; 2 were Americans and 1 was a 
Filipino. All viruses were isolated from rectal 
swabs collected in 1953. 2. Cell culture. 
Trypsinized rhesus monkey kidney cell cul- 
tures (RhMKCC) were grown in 0.5% lactal- 
bumin hydrolysate in Hank’s (LAH) balanced 
salt solution (BSS) containing 2% calf serum. 
Prior to use in neutralization tests the cells 
were changed to 0.5% lactalbumin hydroly- 
sate in Earle’s BSS (LAE) containing 0.5% 


calf serum. For preparation of stock virus 
pools for immunization of animals and 
for use in complement fixation (CF) 


tests, the cells were changed to Eagle’s 
Basal Medium (EBM) in Earle’s BSS with- 


* Aided by grant from National Fn. for Infantile 
Paralysis. 

t This work was done under sponsorship of Com- 
mission on Viral Infections, Armed Forces Epidemic- 
logical Board, and supported in part by Depts. of 
Army and of Air Force. 

¢ The authors wish to express appreciation to 
Della M. Whitaker for technical assistance. 


out serum. Hamster kidney was grown in 
LAH with 4% calf serum according to method 
of Diercks and Hammon(4). The transplant- 
able cell lines HeLa (Gey)$’, HeLa (Puck 
S-3),|| H. Ep. #2,1 and K.B.** were carried 
in EBM with 10 to 20% pooled human serum 
or 10% calf serum. Cytopathogenic tests 
with these cell lines were conducted in EBM 
containing 5% inactivated calf serum. 3. 
Plaque methods. RhMKCC grown in 3 oz. 
bottles, described by Hsiung and Melnick(5), 
were used in plaque studies. Occasionally, for 
comparative studies, the final NaHCO, con- 
tent was reduced from 3 ml to 1.25 ml of a 
7.5% solution/100 ml of overlay. This modi- 
fied overlay also contained 10 ml of 3% Tris 
buffer solution (pH 7.4)/100 ml. The final 
agar concentration was also occasionally re- 
duced from 1.5 to 1%. 4. Purification of vi- 
rus. Each of the 3 viruses was purified by 
either the plaque picking method (3 serial 
passages) or, if the agent did not form plaques, 
by terminal dilution (3 serial pasages). These 
“purified” agents were used for immunization 
of animals and as seed virus in all serological 
tests for typing. 5. Production of antisera. 
“Purified” virus seed grown in RHMKCC in 
EBM without serum was harvested, extracted 
once with equal volume of fluorocarbon (6), 
lyophilized and reconstituted to 1/10 original 
volume. Two ml of this material and 2 ml of 
Arlacel-Bayol F adjuvant were emulsified and 
injected intramuscularly into monkeys. Injec- 
tions of this same material and same dose 
were given at 7 to 14 day intervals for 3 to 5 
months, length of time being dependent on 
titer of test bleedings. 6. Serologic tests. 
Neutralizing antibody (NA) tests were per- 
formed as described previously, using serial 


§ Cell line obtained from Microbiological Assoc., 
Washington, D.C. 

{1 Cell line obtained from Dr. Jonas Salk, Pitts- 
burgh, Pa. 

** Cell line obtained from Dr. Joseph Leighton, 
Pittsburgh, Pa. 
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TABLE I. Source, Method of Isolation and Certain General Characteristics of Prototype 
ECHO-26, ECHO-27 and Coxsackie B-6 Viruses. 


c Virus a ~ 
11-3-6* 1-36-4* 1-51-21* 
ECHO-26 ECHO-27 Coxsackie B-6 
Human source Coronel Bacon Sehmitt : 
Age and sex Leys) 10, @ 25, 6 
Race — Filipino American American 
Location Near CAFB,t Luzon CAFB, Luzon CAFB, Luzon 
Disease None None None 
Specimen Rectal swab Reetal swab Reetal swab 
Date collected 9/17/53 8/17/53 11/24/53 
Tsolation(s) RhMKCC 4/ 1/55 12/16/55 10/13/55 
Reisolation Q.N.S.+ 12/20/57 Neg. (12/58) 
Additional None None 8-Hammon feces 


Type of CPE Polio-like (complete) 


Titer/0.1 ml§ 10° 
Passages 12 
End point 4-6 days 
Purification Plaques 


Plaque type Small, hazy 


2-Hummieler feces|| 


Polio-like (complete) Polio-like (complete) 


10° 10° 

13 10 

7-9 days 4-6 days 
Terminal dilution Plaque 
None Large, clear 


* First 2 numbers identify group and individual, last number represents particular specimen 


of that individual. 
+ CAFB — Clark Air Force Base. 
$ Q.N.S. = Quantity not sufficient. 


§ Plaques produced under Tris buffer overlay only. 
|| Personal communication from Dr. Klaus Hummeler, Children’s Hospital, Phila., Pa. 


§ Pool used for identification studies. 


serum dilutions and an estimated 100 TCID3; 
inoculum of virus(7). CF tests were per- 
formed in 13 x 100 mm test tubes using 0.2 
ml of each reagent. Virus for CF antigens 
was grown in RhMKCC in EBM without se- 
rum and routinely extracted once with fluoro- 
carbon. Antisera were diluted 1:5, inactivated 
for 30 minutes at 60°C, adsorbed with equal 
volume of 10% RhMKCC suspension for 1 
hour at 37°C, then centrifuged for 30 minutes 
at 2,000 rpm. Undiluted antigen and dilu- 
tions of antiserum plus guinea pig comple- 
ment were incubated at 37°C for 1 hour; 
sensitized sheep red blood cells were added 
and the test incubated another hour at 37°C. 
The endpoint was taken as highest dilution of 
antiserum which showed less than 50% _he- 
molysis in presence of 2 full units each of com- 
plement and of hemolysin. 7. Animal patho- 
genicity tests. Baby mice, 24 hours old or 
less, received either 0.01 ml of undiluted virus 
intracerebrally (i.c.) or 0.03 ml subcutane- 
ously (s.c.). Each virus was tested by both 
routes. Blind passages in mice were made at 
least twice, using 20% mouse brain and car- 
cass suspensions. Monkeys received 0.5 ml 


i.c. and some 0.1 ml intraspinally (i.s.); rab- 
bits were given 0.5 ml i.c. and adult guinea 
pigs, hamsters, and mice 0.1 ml i.c. Seven to 
8-day-old embryonated eggs were inoculated 
with 0.1 ml of undiluted virus into the yolk 
sac. 8. Hemagglutination tests. These were 
performed according to method of Goldfield 
et al.(8) at 4, 25 and 37°C, with both 
chicken and human “O” cells. 9. Desoxy- 
cholate test. This was a modification of the 
method of Theiler(9). Equal volumes of 
1:500 sodium desoxycholate and undiluted 
virus were incubated 1 hour at 37°C and then 
titrated in 10-fold dilutions in RhMKCC. 
Results were compared with control titrations 
of virus treated in the same manner but with- 
out desoxycholate. 

Results. 1. Isolations. Dates of isolation, 
results of reisolation attempts and the isola- 
tion of additional strains are presented in 
Table I. 2. Common characteristics. The 
following characteristics were common for the 
3 viruses: (1) They produced a cytopatho- 
genic effect (CPE) in RhMKCC similar to 
that produced by polioviruses. (2) No CPE 
was noted in HeLa-Gey, HeLa S-3, H. Ep. #2, 
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TABLE IT. Neutralizing Antibody Tests in RhMKCC with ECHO-26, ECHO-27 and Coxsackie 
B-6 Viruses against Antisera to Known Enteroviruses. 


h Virus ~ 
Source Homologous ECHO-26 HCHO-27 Coxsackie B-6 
5 ; . . 
Antisera laboratory  N.A. titer AMGIOD ES Macey —MKCINDE, Unie TCID;, Titer 
ECHO- 1to12 Wenner  1,700-65,000¢ 32-100 <10 20-50 = <10 10 <10 
13 Hammon 40,000 D0 HK 20 ‘ ay i 
14to20 Wenner 600—16,000 i ‘ ‘ i 10-382 i 
21 Enders 128 100 2 R. 4 320 a 
22 to24 Sabin 1,000—10,000 i a “i 
25 Rosen 2,500 on 4 100 / 100 4 
26 Hammon 7,500 @ 7,900 20 4 50 i 
27 a; 40,000 a <10 - 40,000 3 
Coxsackie A-7,9, Syverton 64-1,024 50 iM Hs <10 10 - 
las Ss 18 
B-1 to 5 ss 128-1,024 ‘ *2 au ue 10-32 
Tdem Wenner 400—20,000 : a : a 32 os 
B-6 Hammon 15,000 100 a i 320 15,000 
Poliovirus 1, 2,3 Wenner > 1,000 50 2 = 10 <10 


* TCLD;, of virus used in test as determined by control titration. 
t Reciprocal of serum dilution caleulated to protect 50% of tubes inoculated. . 
+ Homologous N.A. titer of ECHO-4 was 1:30 to 1:128; CF tests carried out in addition 


(see text). 


K. B. and primary hamster kidney and cat 
kidney cell cultures. (3) They were not in- 
activated by desoxycholate. (4) Chicken and 
human “QO” red blood cells were not agelu- 
tinated at 4, 25 and 37°C. (5) The 3 viruses 
passed gradocol membrane filters of 36 mp 
porosity but were retained completely (Cox- 
sackie B-6 and ECHO-27) or almost com- 
pletely (ECHO-26) by a 28 my porosity fil- 
ter.tf (6) No significant immunologic rela- 
tionship to any other human enterovirus pres- 
ently known to propagate in RhMKCC was 
established by reciprocal testing in NA tests 
(Tables II, IIT). Further exclusion of iden- 
tity with ECHO-4 virus was demonstrated in 
reciprocal CF testing. (7) A human anti- 
serum known to yield a group reaction in CF 
tests with adenoviruses did not react with 
these viruses. (8) Serologic rises and per- 
sistence of specific NA’s at 1:8 to 1:32 serum 
dilution were demonstrated for each of the 3 
viruses in human sera collected in the Philip- 
pines (Table IV). 

3. Specific characteristics. (a) Coxsackie 
B-6 virus (1-51-21) produced paralysis, death 
and typical Coxsackie B pathology in suck- 
ling mice upon direct passage from RhMKCC. 
Dr. Klaus Hummeler of Children’s Hospital 


tt Tests kindly performed by Dr. Albert Sabin, 
Cincinnati, O. and results made available to us, 


of Philadelphia reports that he has recently 
isolated 2 strains directly in suckling mice 
from feces of children with aseptic meningitis 
(personal communication). These were iden- 
tified by sera sent to him by this laboratory. ° 
Coxsackie B-6 killed embryonated eggs in- 
oculated by the yolk sac in an irregular man- 
ner; however, the virus could not be passed 
serially in eggs. Chick embryo pathogenicity 
TABLE III. Neutralizing Antibody Tests in 
RhMKCC with Antisera to ECHO-26, ECHO-27 


and Coxsackie B-6 Viruses against Known Entero- 


viruses. 
ee 
SSS SSS 
Monkey antisera 


TCID;,, ECHO- ECHO- Coxsackie 
Virus range 26 27 B-6 
ECHO-26 20 7,500 <a <10 
-27 100 <5 40,000 1 
Coxsackie B-6 320 a <5) 15,000 
ECHO-1 to 25 3.2-500 <10 <10 <10 
Coxsackie A-7 10 <aty <Giy 10* 
A-9 50 » 4 <E5 
B-1 50-500 ‘ x e 
B-2 100 20t 
200 <5 <5 
B-3,4,5 16-160 ‘“ <p <10 
Poliovirus 1, 50-320 % a ey 


2,3 


* 20 units of this serum represent a 1:750 dilu- 
tion—result with low dilution used not significant 
for typing. ; 

t 20 units of this serum represent a 1 72,000 dilu- 
tion—result with low dilution used not significant 
for typing. 
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TABLE IV. Neutralizing Antibody Tests in RhMKCC with Human Sera and Gamma Globulin 
against ECHO-26, ECHO-27 and Coxsackie B-6 Viruses. 


Virus 
: 11-3-6 1-36-4 1-51-21 
Serum source (ECHO-26) (ECHO-27) (Coxsackie B-6) 
Original host No serum <4*-64 No serum 
Other: 
With titer rise <48 <4-128t 
With persisting titer (1:8 or >) in serial bleed- 3 2 3 
ings of individuals possessing antibody 
Gamma globulin: 1 lot American <o25 >50 <2 


” 


Japanese 


* Reciprocal of serum dilution calculated as 50% endpoint. 
+ Dr. Klaus Hummeler has obtained serologic rises in 2 patients with aseptic meningitis from 
whom were isolated agents identified as Coxsackie B-6 with antiserum supplied by this labora- 


tory. 


is compatible with results occasionally ob- 
tained with other Coxsackie viruses(10). 
Coxsackie B-6 virus did not produce CPE in 
several human cell lines, HeLa, K.B. and H. 
Ep. #2, known to support growth of certain 
strains of Coxsackie B-1 through 5(10). This 
characteristic, therefore, differentiates it from 
the first 5 Coxsackie B viruses. Three of 8 
strains of Coxsackie B-6 isolated were neu- 
tralized by very low dilutions of Coxsackie 
B-1 antiserum while 5, including 1-51-21, 
were not. No antisera prepared against the 
new strains neutralized Coxsackie B-1 virus. 
Furthermore, a 1-51-21 CF antigen, which 
reacted with homologous antiserum at a dilu- 
tion of 1:128, did not react with antisera to 
Coxsackie B-1 to 5, or to ECHO viruses 1-9, 
11-20, 24-27, to all 3 polioviruses, and to Cox- 
sackie A-9.+# 

(b) ECHO-26 virus (11-3-6) produced no 
clinical illness in mice, hamsters, rabbits, 
guinea pigs or monkeys by routes previously 
described. Sections of the cord and brain of 
the monkey sacrificed 27 days after inocula- 
tion, revealed no significant pathology. An 
interesting characteristic of this virus is that 
it produces plaques under 1% agar overlay 
with low NaHCO; content but not under agar 
containing high NaHCO; (See Materials and 
methods). Under the former conditions very 
small hazy plaques with ragged edges are 
formed. 


tt A portion of these tests was kindly performed 
by Dr. Leon Rosen, Nat. Inst. of Allergy and Infect. 
Dis., U.S.P.H.S. and results made available to us. 


(c) ECHO-27 virus (1-36-4) was not path- 
ogenic for suckling baby mice and embryo- 
nated eggs. It did, however, produce ques- 
tionable clinical signs of central nervous sys- 
tem involvement in one monkey inoculated 
i.c. and is. The monkey, which had been ir- 
ritable and tremulous prior to inoculation, had 
a single convulsion 4 days after inoculation. 
The animal survived but was sacrificed on 
27th day. Sections of brain and cord revealed 
no significant pathology except for a mononu- 
clear inflammatory reaction involving a por- 
tion of the choroid plexus of the lateral and 
fourth ventricles. A 1:20 dilution of ECHO- 
27 antiserum with homologous titer of 1:40,- 
000 neutralized 100 TCID5o of Coxsackie B-2 
virus (Table III). Such a reaction is not in- 
terpreted to indicate identity or even close 
antigenic relationship. Furthermore, proto- 
type ECHO-27 virus, in addition to being non- 
pathogenic for suckling baby mice as men- 
tioned previously, does not produce plaques 
in RhHMKCC and does not produce CPE in 
human cell lines. These 3 characteristics fur- 
ther differentiate it from recognized strains of 
Coxsackie B-2. 

Summary. Herein are described the anti- 
genic specificity and biologic properties of 3 
new prototype human enteroviruses, ECHO’s 
26 and 27 and Coxsackie B-6. All 3 fulfill 
the necessary criteria descriptive of their re- 
spective enterovirus group and have been as- 
signed numbers by the Committee on Entero- 
viruses. All 3 were isolated from rectal swabs 
taken from healthy persons living in the 
Philippines in 1953. 
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Perphenazine and Reserpine as Antiemetics for Staphylococcal 


Enterotoxin.* 
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H. Suctyama, M. S. BERGDoLL AND R. G. WILKERSON 
(Introduced by G. M. Dack) 


Food Research Inst., University of Chicago 


Vomiting is one of the most characteristic 
reactions in staphylococcal food poisoning. 
The only laboratory procedure now available 
for detection of the etiological agent, staphy- 
lococcal enterotoxin, is the provocation of 
emesis in monkeys or cats following suitable 
challenge(1). Recently a number of anti- 
emetics have been reported effective against 
various types of emetic agents or which con- 
trol vomiting in various disease states. No 
specific study seems to have been made on 
use of these agents as antiemetics against 
staphylococcal enterotoxin induced emesis. 
The present communication reports on effec- 
tiveness of 2 tranquilizing drugs in inhibiting 
emesis in monkeys fed enterotoxin. Anti- 
emetics effective in dogs against one or more 
of the emetics whose site of action is the 
chemoreceptor trigger zone(2) were tested: 
chlorpromazine(3,4), perphenazine(5,6), and 
cyclizine lactate(7). Reserpine was included, 
although reports on its ability to protect 
against apomorphine induced vomiting in dogs 
are contradictory(7,8). Non-specific protec- 
tion by depression of the medullary reticular 
emetic center was evaluated by determining 
change in sensitivity of monkeys to orally ad- 


* This werk supported by contributions from vari- 
ous companies and associations of food industries. 


ministered copper sulfate which evokes vom- 
iting by peripheral action on the gastro-intes- 
tinal tract(9). 


Materials and methods. Monkey feeding 
tests were essentially that previously de- 
scribed(10). Macaca mulatta were selected 
into groups of approximately equal sensitivi- 
ties to enterotoxin. The paired groups whose 
response to the toxin was to be compared 
were alternated, wherever possible, as control 
and drug treated groups to compensate for 
variations in reactivities to enterotoxin. Com- 
plete control of this variable was impossible 
due to development of tolerance to the emetic. 
Each drug was tested in different sets of ani- 
mals. Enterotoxins were partially purified 
preparations derived from S-6 and 196E 
strains of Staphylococcus and are antigeni- 
cally different. Dosage was increased with 
each feeding of same animals to overcome de- 
velopment of immunity. For intravenous 
challenge an S-6 enterotoxin of high purity 
(90% purity) was used. Monkeys were in- 
jected intramuscularly with perphenazine 
(Trilafon) immediately before and with chlor- 
promazine (Thorazine) and cvclizine lactate 
(Marezine) 30 min before oral administration 
of enterotoxin. Since these animals seldom 
vomit within 1 hr of feeding enterotoxin, seda- 
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tion was established during the latent period. 
Reserpine (Serpasil) was injected intrave- 
nously about 18 hr preceding challenge with 
toxin. Vomiting in response to oral copper 
sulfate was used as a measure of depression 
of the vomiting center by the antiemetics. 
Fasted monkeys were fed 50 ml of CuSO, - 
5H20 solutions at 2-fold increments begin- 
ning at 80 mg and animals observed for vom- 
iting for 120 min. None of 8 monkeys vom- 
ited to 80, about 60% to 160, and about 85% 
to 320 mg. The latter amount was used as 
threshold dose; animals not responding within 
60 min at this level in control feedings were 
not used. The 320 mg threshold dose was, 
therefore, 2 the actual minimum dosage in 
about 60% of monkeys. This may not be too 
different with animals challenged with entero- 
toxin since the latency and number of vomit- 
ing episodes indicate that many control ani- 
mals received more than a single threshold 
dose. Actual minimal emetic dose of copper 
sulfate was previously established for each 
animal in testing possible depression of the 
vomiting center by perphenazine. Dogs were 
also tried. Dogs of 5-12 kg body weight were 
injected intravenously with the highly purified 
enterotoxin. Animals were used only once and 
were observed for 5 hr. Perphenazine was in- 
jected intramuscularly immediately after in- 
travenous injection of enterotoxin; chlorpro- 
mazine was administered intravenously about 
30 min preceding challenge with enterotoxin. 
Results. Treatment of monkeys with 1 
mg/kg body weight of reserpine, intrave- 
nously, about 18 hr preceding intragastric 
challenge with enterotoxin resulted in 68% 
reduction of vomiting incidence (Table I). 
The emetic response was more severe in con- 
trol animals; each reacting animal vomited 
2.5 times/enterotoxin feeding, as compared 
to those in the drug treated group which vom- 
ited 1.9 times. The average prodromal inter- 
val for the drug treated group was 124 min as 
compared to the 99 min for controls. Reser- 
pine injection immediately before feeding of 
enterotoxin had no protective effect. The de- 
layed but long lasting protection against vom- 
iting is in accord with depletion of serotonin 
(11) and catechol amines(12) from body 
storage sites by reserpine. 
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TABLE I. Antiemetic Activity of Reserpine (1 

mg/kg, i.v., 18 Hr Previously) against Vomiting 

Provoked by Orally Administered Staphylococeal 
Enterotoxin and Copper Sulfate. 


a Emetic Ss No. vomiting/No. fed 
Enterotoxin 
strain mg/monkey Control Drug treated 
S-6 ik 3/6 0/6 
A 25 4/6 2/6 
196E 1.5 6/6 1/6 
“ 2.5 4/6 2/6 
vi 75 2/6 1/6 
Totals 19/30 6/30 
CuSO,-5H;O 320 10/10 9/10 


Reserpine (1 mg/kg) did not materially af- 
fect the incidence of vomiting in animals chal- 
lenged with threshold level of copper sulfate, 
although latency was increased from 31 to 50 
min. Of the 19 enterotoxin fed animals that 
vomited in the control group, 15 responded in 
less than 120 min and all except one vomited 
within 150 min. Since toxin fed animals are 
observed for 5 hr, delayed vomiting, if it oc- 
curred, would have been observed; thus, it is 
unlikely that the antiemetic action of reser- 
pine is due to depression of the vomiting cen- 
ter. On the other hand, depression of the 
vomiting center could partly explain the re- 
sistance to enterotoxin following 2.5 mg/kg 
of reserpine (control 20/42 vs. 2/41 drug 
treated). With this drug dosage only 2/9 
monkeys given threshold dose of copper sul- 
fate vomited and these only after a latent pe- 
riod of over 2 hr as compared with the average 
of 30 min in control feeding. 

Perphenazine reduced vomiting incidence 
in enterotoxin challenged animals to 8% of 
that in controls (Table II). The minimal ef- 
fective dose of the antiemetic is about 50 pg/ 
kg since 25 ng/kg did not have any protective 
effect. Average number of vomiting episodes 
and latent periods of animals of control and 
drug treated groups which reacted, were not 
appreciably different. Perphenazine was ef- 
fective even when administered after feeding 
enterotoxin; 50 pg/kg, intravenously, pro- 
tected against the toxin fed 45 min previously. 

Inhibition by perphenazine of vomiting in 
monkeys fed enterotoxin is not due to depres- 
sicn of the vomiting center. Perphenazine re- 
duced the copper sulfate stimulated emesis by 
only 22% with an increase in latency from 30 
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TABLE II. Antiemetic Activity of Perphenazine (50 uwg/kg) against Vomiting Provoked by 
Orally Administered Staphylococeal Enterotoxin and Copper Sulfate. 


————- Emetie—___,, No. yvomiting/No. fed 
Enterotoxin : 
strain mg/monkey Control Drug treated Perphenazine 
S-6 2.0 2/6 0/6 Immediate* 
ee 10.0 3/6 1/6 @ 
05 4/6 1/6 : 
és 4/6 0/6 45 min. aftert 
196E 5.0 5/6 0/6 Immediate 
‘ 1.5 5/6 0/5 2 
re 3.0 2/5 0/6 45 min. after 
Totals 25/41 2/41 
CuSO, + 5H,O 160-320 9/9 7/9 60 min. beforet 


* Intramusc., immediately before feeding enterotoxin. 


t Intray., 45 min. after feeding enterotoxin. 


t Intramuse., 60 min. before feeding each animal predetermined threshold dose. 


to 39 min. The average prodromal period in 
animals of control group which vomited after 
enterotoxin challenge was 129 min (16 of 25 
vomiting within 120 min; 21 of 25 within 150 
min). Thus, a proportionate increase of la- 
tency as with copper sulfate by perphenazine 
would give an average latency of 168 min; 
this is well within the 5 hr observation period 
for enterotoxin fed animals. 

The results with chlorpromazine were er- 
ratic. In the great majority of experiments 2 
mg/kg of drug was used. No protection was 
evident against the S-6 enterotoxin (14/23 of 
controls vs. 13/23 of chlorpromazine treated). 
Some antiemetic activity against 196E was 
obtained (27/50 of controls vs. 22/50 of drug 
treated), but most of the protective evidence 
was obtained with 2 sets of animals. Seven of 
9 monkeys responding to 320 mg CuSO, : 
5H,O vomited when fed the same level of cop- 
per sulfate 90 min after intramuscular injec- 
tion of 2 mg/kg of chlorpromazine. Latency 
was increased from 29 to 54 min. 

Cyclizine (10 mg/kg) did not protect mon- 
keys against enterotoxin. One experiment 
with each enterotoxin preparation showed 
5/11 vomiting in control groups and 6/12 in 
drug treated groups. 

The highly purified S-6 enterotoxin prepara- 
tion provoked emesis in 10/10 dogs at 1 pg/ 
kg body weight and in 8/14 at 0.5 ug/kg fol- 
lowing intravenous injection. The initial yom- 
iting usually occurred about 2 hrs after injec- 
tion. Intragastric administration of 25 times 
the threshold intravenous dose did not cause 


vomiting. Intravenous chlorpromazine (2 
mg/kg) given to dogs challenged with a 
threshold dose of enterotoxin (1 pg/kg) re- 
sulted in 58% protection (5/12). Intramus- 
cular perphenazine (0.1 mg/kg) gave 50% 
protection (6/12) in dogs challenged with 
twice the minimal emetic dose. The chlorpro- 
mazine and perphenazine dosages used give 
31 and 27% protection respectively, in dogs 
receiving threshold doses of intragastric cop- 
per sulfate(7). Thus, perphenazine seems to 
confer some protection to dogs challenged with 
enterotoxin; the chlorpromazine results are 
less suggestive. The limited supply of puri- 
fied enterotoxin did not allow sufficient work 
for statistical analysis. 

Discussion. Significant reduction of vomit- 
ing incidence in monkeys challenged with 
staphylococcal enterotoxin is obtained when 
reserpine or perphenazine is used as an anti- 
emetic. Perphenazine is the more potent, 
but reserpine may be more effective than in- 
dicated by the data. Since many control 
animals fed for the first time vomited rapidly 
and repeatedly, these animals probably did 
not receive as much immunizing stimulus as 
did the drug treated animals. Thus, in the 
next feeding, sensitivities of animal groups to 
enterotoxin would be weighted against ob- 
tained good protective results. If previously 
unused animals had been used for all experi- 
ments, reserpine might have given better pro- 
tection. 

The number of emetic doses of enterotoxin 
against which reserpine or perphenazine are 
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effective was not established, but the nature 
of the feeding experiments and the results 
with dogs would suggest that the effectiveness 
of perphenazine would be limited to only a 
few times the threshold emetic doses. 


At the dosages used, degree of tranquiliza- 
tion of monkeys was not correlated with anti- 
emetic potency. Chlorpromazine produced 
the greatest tranquilizing effect yet gave only 
doubtful protection against the 196E entero- 
toxin, while perphenazine which resulted in 
least sedation, was effective against both en- 
terotoxins. Whether the basic mechanisms of 
perphenazine and reserpine protection are the 
same, or whether the reserpine effect is spe- 
cifically related to its ability to deplete the 
biogenic amines from the body binding sites 
remains to be investigated. 


Whether either of the drugs giving protec- 
tion in these experiments has clinical use re- 
mains to be determined. The delayed phar- 
macological effects of reserpine probably make 
it unsuitable, but perphenazine was effective 
even when administered 45 min after entero- 
toxin. Use of perphenazine in staphylococcal 
food poisoning outbreaks seems limited, since 
the majority of cases develop within a short 
period and recovery begins spontaneously 
after a few hours of acute symptoms. How- 
ever, perphenazine may be of value in con- 
trolling vomiting caused by staphylococcal 
enterotoxin in pseudomembranous __ entero- 
colitis(13). 

The basis of the antiemetic effect in dogs 
of drugs such as chlorpromazine and perphe- 
nazine against the chemoreceptor trigger zone 
(CTZ) acting emetics is not clear. It has 
been suggested that at dosage levels which 
only moderately depress the medullary emetic 
center the antiemetic activity may be the 
result of the competition of the antiemetic and 
the emetic for the receptors in the trigger zone 
(3,6). On the basis of this interpretation, the 
results reported here suggest the possibility 
that staphylococcal enterotoxin may be a 
CTZ acting emetic. 

But monkeys are refractory to emetics such 
as Hydergine (equimixture of 3 dihydroge- 
nated ergot alkaloids) known to act on CTZ 
of dogs and cats. This would indicate that 


CTZ for emesis in the monkey is non-func- 
tional from the standpoint of drug action(14). 
On the other hand, vomiting incidence in- 
creases significantly when subemetic dose of 
dihydroergotamine (related to Hydergine) is 
administered to monkeys challenged with en- 
terotoxin(10). Moreover, the area postrema 
of monkeys, which is presumably the CTZ, 
plays some role in vomiting; its ablation re- 
sults in elimination of early vomiting response 
which normally follows 1200 r x-irradiation 
(14,15). 

The above consideration suggests the need 
for determining the sensitivity of monkeys to 
enterotoxin following bilateral destruction of 
the area postrema. Preliminary experiments 
indicate that the area postrema of monkeys is 
an important site for emetic action of staphy- 
lococcal enterotoxin (to be published). 


Summary.  Perphenazine and_ reserpine 
have significant antiemetic activity against 
staphylococcal enterotoxin induced emesis in 
monkeys; chlorpromazine and cyclizine lac- 
tate have little or no protective activity. Per- 
phenazine gave the best protection and was 
effective at 50 pg/kg, intravenously; it in- 
hibited vomiting even when administered 45 
min after the enterotoxin had been fed. Pre- 
treatment of monkeys was necessary for pro- 
tection with reserpine. The effective drug 
levels did not greatly depress the medullary 
vomiting center. Perphenazine had some pro- 
tective effect in dogs being challenged with in- 
travenous injection of enterotoxin. 
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Typical growth responses of accessory sex 
organs of the rat or the chick comb to andro- 
gen have been inhibited by several substances. 
These include progesterone(1,2), estrone(2, 
3), estradiol(2,4), dehydroepiandrosterone 
(5), methylcholanthrene(6), 2-acetyl-7-oxo-1, 
2,3,4,4a,4b,5,6,7,9,10,10a - dodecahydrophen- 
anthrene(7,8), and 20-methyl-A°-pregnene- 
3,20-diol(9); all being steroids or steroid- 
like in configuration. Structural resemblance 
of such compounds to natural steroids could 
form a basis for hormonal antagonism. Re- 
cently a series of A-norsteroids was synthe- 
sized by Weisenborn and Applegate(10). We 
studied these steroidal homologs for hormonal 
and anti-hormonal activities. This report is 
concerned with A-norprogesterone, which pos- 
sesses anti-androgenic properties. 

Material and methods. Androgenic and 
anti-androgenic activities. Twenty-three day 
old male rats (Sprague Dawley strain) weigh- 
ing approximately 50-60 g were castrated and 
divided into groups of 4 or 6 animals. Test 
compounds were dissolved or suspended in 
sesame oil. A-norprogesterone alone and in 
combination with testosterone propionate was 
administered subcutaneously once daily for 7 
days starting on day of castration. Animals 
were sacrificed on day following last injection, 
and the ventral prostate, seminal vesicles, co- 
agulating gland, levator ani muscle, adrenals, 
thymus and thyroids were removed and 
weighed. Intact immature male rats weighing 
approximately 100 g were subjected to experi- 
mental technics similar to those described for 


the castrated animal. In addition the pitui- 
tary, testis, spleen, kidney, heart and liver 
were removed and weighed. Two day old 
White Leghorn cockerels, in groups of 24, 
were injected subcutaneously with a single .5 
mg dose of testosterone enanthate (Delates- 
tryl) in sesame oil as in the method described 
by Dorfman(8). A-norprogesterone was dis- 
solved in sesame oil in several concentrations, 
and .05 ml was applied on the comb once 
daily for 7 days starting on day of androgen 
treatment. The chicks were sacrificed on day 
following last inunction and the comb and 
body weights were recorded. Uterotrophic 
and anti-estrogenic activities. Immature fe- 
male mice of the Swiss Albino strain weighing 
approximately 7 g were divided into groups 
of 5 animals. A-norprogesterone dissolved in 
sesame oil was administered subcutaneously 
once daily for 3 days, either alone or in com- 
bination with a daily dose of .033 yg of estra- 
diol benzoate. Animals were sacrificed on 
day following last injection. The quantity of 
uterine luminal fluid was estimated. This 


fluid was then expressed and the uteri were | 


weighed. Progestational and anti-progesta- 
tional activity. Immature female rabbits in 
groups of 4 animals were employed in a modi- 
fication of the McPhail method(11). The 
animals were given 3 intramuscular injections 
of 5 wg of estradiol benzoate on days 1,.3,,ang 
5. From sixth day on, they received 5 daily 
intramuscular injections of progesterone, A- 
norprogesterone or both compounds. Animals 
were sacrificed on day following last injection 


si 


Thymus Thyroid 


Adrenals 


mg 


Levator ani 


Seminal 
vesicles & 
coagulat- 
ing gland 


Ventral 
prostate 
58.1 + 1.8 


TA 


Final 
body wt 
ate: 


Initial 


body wt 


TABLE I. Anti-androgenic Activity of A-norprogesterone in Immature Castrate Male Rats Treated for 7 Days. 
No. animals — 


Treatment & daily dose 
Testosterone propionate 


Sesame oil 
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and the uteri weighed and graded histologi- 
if i i ii si cally for glandular development. 
Nh ow wm At Results. The anti-androgenic activity of 
ed ee ana A-norprogesterone in the androgen treated 
castrated immature rat is summarized in 
“ e ai Z ~ Table I. The androgen-induced hypertrophy 
HIG, Heelies of the ventral prostate was reduced with 1, 5 
Se ra lee erts and 25 mg daily doses of A-norprogesterone 
Ls SE ee geo by 47, 56 and 96%, respectively. Similarly 
these doses reduced the hypertrophy of semi- 
So 2 1m 9M nal vesicles and coagulating gland by 34, 68 
7 4 7 {| 1 and 95%, respectively. Daily doses of less 
ee es es S than 1 mg produced little or no significant 
a A & Ne changes in accessory sex organ weights of tes- 
tosterone propionate treated animals. Leva- 
er a tor ani weights were decreased to non-andro- 
te pov) gant gen treated control levels with 5 mg of this 
os a ee compound. The 25 mg dose of this A-nor- 
el steroid slightly reduced body weight gain and 
6 A © AK levator ani, adrenal, thyroid and thymus 
4 y ff 4 4 weights of the androgen-treated castrate rat. 
Ht © © OF A-norprogesterone in daily doses of 5 mg did 
SE eset = not alter ventral prostate weights in non- 
androgen treated castrates. It did, however, 
Soy yt get i ti slightly reduce thymus, adrenal, levator ani 
chi Mek Pees seal and seminal vesicle and coagulating gland 
ibe Np isha Sui weights. Preliminary data have indicated 
eg nae that in this assay the oral activity of this sub- 
135 oe a stance is of a lower order than is the paren- 
i teral activity. 
ie 4 a e i Subcutaneous administration of 25 mg of 
SW Sa ote A-norprogesterone daily for 7 days to 100 g 
intact male rats resulted in 26% decrease in 
eee ee ventral prostate weight, a 46% decrease in 
RA Bees Gates seminal vesicle weight but no significant re- 
See a8 duction in coagulating gland or ijevator ani 
Ne tes Wek ete Ne weights (Table II). The adrenal and thy- 
roid weights were slightly decreased. The 
estar cake thymus, pituitary, testis, spleen, heart, kidney 
and liver weights were unchanged. 
Ze A - norprogesterone antagonized comb 
5 © o0 eae F growth effect of injected testosterone enan- 
a S kes M4 |é thate as well as comb growth of non-androgen- 
See ri © la treated cockerels (Fig. 1). A single injection 
ep : g E z z g E e of the androgen increased the absolute comb 
1 Ba Ba BAB = weight by 100%, and the comb to body 
ES 2 0, op; Sp) oe ie weight ratio by a similar percentage. This 
rt me aa pe = | comb growth stimulation was completely pre- 
Cat at at a i vented by total dose of 5 mg of A-norproges- 
Po: ae terone. Doses of .04, .2 and 1.0 mg of this 
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TABLE II. Effect of 7-Day Treatment with A-norprogesterone in Intact Male Rats. 
Initial Final Ventral Seminal Coagulating 
Daily dose, body wt body wt prostate vesicles gland 

Treatment mg g oe mg — 

Sesame oil control 101.0 + .6* 138.3 + 2.7 62.8 + 2.6 34.6 + .5 10.0 =: 6 

A-norprogesterone 25 97.5 + 9 130.8 + 1.7 46.2 + 9.7 18.6 + 3.0 9.0. + 9 

Levator } 

ani Adrenals Thymus Thyroid 
mg > 
Sesame oil control 32.84+3.5 385441.2 370.7 2270 227 +4 
cs 30.4 2.1 26.34 37 363.9 25 2.4 (9% 220 


A-norprogesterone 25 


* Stand. error of mean. 


compound suppressed androgen stimulated 
comb growth by 24, 41 and 78%, respectively. 
When administered to non-androgen treated 
birds, comb weight was reduced by 18%. 
Body weight gain was unaltered by any of the 
treatments. 

Uterine weights of immature female mice 
were not increased after administration of 1 
mg total doses of A-norprogesterone. This 
level of compound was unable to alter signifi- 
cantly the uterine hypertrophy induced by 
estradiol benzoate. A-norprogesterone, there- 
fore, is not estrogenic or anti-estrogenic at 
this dose. 

Intramuscular administration of a total 
dose of 5 mg of A-norprogesterone failed to 
produce any progestational effects in estrogen 
primed immature rabbits. The same dose of 
this A-norsteroid did not antagonize the pro- 
gestational activity of 1 mg of progesterone in 
these primed animals. 

Discussion. Results of studies in rat and 
chick indicate that A-norprogesterone pos- 
sesses anti-androgenic properties. This activ- 
ity is not limited to inhibition of exogenous 
androgen but also manifests itself against en- 
dogenous androgen, since in non-androgen 
treated animals the compound induces a de- 
crease in weight of rat accessory sex organs 
and of chick combs. It has been reported 
that reduction in ventral prostate and seminal 
vesicle weights can be obtained by pituitary 
gonadotrophin inhibition such as that elicited 
by estrogen administration(12). On the other 
hand our results in castrate rats treated with 
androgen show that inhibition of accessory sex 
organ hypertrophy by this A-norsteroid is not 
dependent upon an anti-gonadotrophin effect. 


A-norprogesterone, at dose levels employed, 
was devoid of androgenic, estrogenic, anti- 
estrogenic, progestational and anti-progesta- 
tional activities. The androgen antagonism, 
therefore, does not appear to relate to known 
hormonal effects. The decrease or absence of 
end organ growth response cannot be readily 
attributed to any general toxic effect of the 
compound, since the inhibition was seen at 
dose levels that caused no significant changes 
in body weights. It would appear, therefore, 
that A-norprogesterone competes with andro- 
gen at the end organ sites. 

Summary. A-norprogesterone antagonizes 
testosterone induced accessory sex organ hy- 
pertrophy in the immature castrate male rat 
and comb growth stimulation in the chick. 
Growth of the ventral prostate, seminal vesi- 
cles, adrenals and thyroids of intact rats and 
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FIG. 1. Anti-androgenic activity as measured by 

inhibition of androgen-stimulated chick comb 

growth. Hach bar represents the mean comb ratio 

+ stand. error of the mean. Initial body weights, 

36.8 g to 38.7 g; final body weights, 81.7 g to 85.2 ¢ 
(24 chicks/group). 
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the chick comb in animals not treated with 
androgen were significnatly reduced by ad- 
ministration of this compound. A-norproges- 
terone is not androgenic, estrogenic, anti-es- 
trogenic, progestational or anti-progestational 
under the experimental conditions described. 
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Ricuarp L. Exton, RicHarp A. EpGREN AND Davin W. CALHOUN 
Division of Biological Research, G. D. Searle & Co., Chicago, Ill. 


Biological studies with a growing list of 
synthetic steroids have revealed marked in- 
creases in progestational potency that accom- 
panied introduction of a 6a-methyl group into 
the molecule(1,2,3,4,5,6). Recent reports 
have indicated that adrenal depression is en- 
countered in rats treated with some of these 
agents(7,8) and an earlier report from this 
laboratory showed that a relationship existed 
between progestational and estrogen-antago- 
nistic potencies of relatives of 19-nortestos- 
terone(9). The present report compares the 
progestational, estrogen - antagonistic and 
adrenal depressant properties of a series of 
6-methylated derivatives of progesterone. 

Materials and methods. Progestational ac- 
tivity was determined using our modification 
of uterine carbonic anhydrase assay(6) and 
the intrauterine assay of McGinty(10). Where 
possible, potency estimates for uterine car- 
bonic anhydrase test were obtained from dose- 
response curves by comparing doses of com- 
pounds that produced approximately 50-60 


* Synthetic steroids used were prepared by Drs. 
P. B. Sollman, C. G. Bergstrom and W. M. Hoehn 
of the Division of Chemical Research, G. D. Searle 
and Co. and Dr. B. Loken, formerly of Root Chemical 
Inc., Roosevelt, Puerto Rico. 


enzyme units/100 mg tissue. Progesterone, 
administered subcutaneously in daily dose of 
0.1 mg, produced this response and was used 
as the standard of comparison for compounds 
administered by either buccal or parenteral 
routes. Antagonism of estrone-induced uter- 
ine growth was determined in intact immature 
mice according to previously described meth- 
ods(9). Briefly, estrone at 0.3 wg, which pro- 
duced uterine weights averaging about 35 mg 
in controls, was mixed with test compounds. 
Estrogen antagonistic potency was determined 
from the dose of antagonist estimated to pro- 
duce a 50% block of growth increment (oil 
controls averaged about 10 mg). Adrenal de- 
pressant activity was determined in spayed 
female rats. The animals were spayed at 30 
days of age and received the test compound 
for 14 days, beginning 10 days after spaying 
(8). 

Results. The metrotropic effects of various 
steroids are summarized in Table I.  Intro- 
duction of 6a-methyl group into progesterone 
or 17a-acetoxyprogesterone was generally ac- 
companied by increases in potency in each of 
the metrotropic assays. 6a-Methylproges- 
terone, which showed a slight decrease in po- 
tency in the estrogen antagonism test, was an 
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TABLE I. Progestational and Estrogen-Antagonistie Activity of Various 6-Methylated Steroids. 


Estrone-antago- 


———_——_Progestational poteney————-—_, nist assay 
Intrauterine 
Uterine earboni¢ anhydrase assay 
Subeut. Buceal 
Compound N* Rel. pot. IN eee el spots N* ‘Rell pot. N* Rel. pot. 
Progesterone 96 (56) ip 96 (56) it 45 (22) il 13 (4) 1 
Ga-CH,-Progesterone 8 (3) 5 4 (2) 2 12 (6) 5 f 8 (2) 7 
6-CH,-6-Dehydroprogesterone 6 (2) 2 3 (2 9) 14 af 
17a-OAc-Progesterone 87) 0 5 (2) 2 5 (3) ot 7 (2) 1.2 
5q-CH,-17-OAc-Progesterone 12 (4) 30 T7166) 5 14 (6) 25 ey) 28 
68-CH5- a 8 (2) =20 7 (3) 2 9 (3) 5 my (@) il 
6-CH,-6-Dehydro-17-OAc- 9(3) 26 8x2) i 8 (2) 10 5 (1) 6 
Prog. 

6a-CH,-21-F-17-OAc-Prog. 17 (4) 40-50 14 (5) 7 23 (7) 50 4(1) 6. 
6-CH,-6-Dehydro-21-F-17- 20 (6) 40 10 (3) 2 18 (5) 5 3d) 2:4 


OAc-Prog. 


* Under N the parenthetical number indicates No. of tests in which compound was evalu- 
ated; number in front of parenthesis indicates total No. of groups of animals employed (4 rab- 


bits/group; 8 to 10 mice/group). 


exception. Fluorine substitution at C-21 fur- 
ther augmented activity of 6a-methyl-17-ace- 
toxyprogesterone; this material was 40-50 
times more potent than progesterone on sub- 
cutaneous administration, 17 times buccally, 
50 times on intrautreine application and 6.3 
times more potent than the standard in the 
estrogen antagonism test. 


One compound was available in which the 
methyl group at carbon 6 had the -configura- 
tion, 7.e., 68-methyl-17a-acetoxyprogesterone. 
In each assay this compound appeared to be 
less potent than its 6a-methylated isomere, 
although it was more active than its parent 
compound. 

Three compounds were tested in which the 
configuration of the 6-methyl group was 
planar: 6-methyl-6-dehydroprogesterone, 6- 
methyl-6-dehydro-17-acetoxyprogesterone and 
6-methyl-6-dehydro - 17-acetoxy-2 1-fluoropro- 
gesterone. In general the potencies of these 
agents were the same as or slightly reduced 
from those of corresponding 6a-methyl iso- 
mers. A notable exception to this was 6-me- 
thyl-6-dehydro-17-acetoxyprogesterone which 
had an oral potency 3 times that of the 6a- 
methyl isomere; on parenteral administration 
its potency was decreased in the intrauterine 
and estrogen antagonism tests. 

Discussion. On the basis of these studies 
there seems to be a general correlation be- 
tween results of parenteral and buccal admin- 
istration of these materials in the carbonic an- 


hydrase test. However, 3 materials in the 17- 
acetoxyprogesterone series, 6-methyl-6-dehy- 
dro, the 21 fuoro-6-methyl, and 6-methyl-6- 
dehydro-21-fluoro-derivatives are much more 
potent buccally than one would predict from 
their parenteral potencies. The intrauterine 
test appeared to be qualitatively correlated 
with uterine carbonic anhydrase assay. As 
we pointed out previously, estrogen antagonis- 
tic and progestational activities show some re- 
lationship(9). A similar correlation is sug- 
gested in these studies, although one material, 
6a - methyl - 17a - acetoxy-2:1-fluoroprogester- 
one, was more potent as an antagonist than 
would have been predicted on the basis of its 
potency in the carbonic anhydrase test. 


A number of compounds caused atrophy of 
the adrenal glands in treated rats. In certain 
experiments progesterone has shown this ac- 
tivity to a limited extent, although replicate 
experiments have not been consistent. In this 
study progesterone and 17-acetoxyprogester- 
one were inactive in this respect (Table II). 
All 6a-methylated derivatives of 17-acetoxy- 
progesterone tested were active. Introduction 
of a methyl group in the a position of carbon 6 
in the progesterone molecule resulted in adre- 
nal depressant effects, but this compound did 
not appear to be more potent than the 6a- 
methyl derivatives of 17a-acetoxyprogester- 
one. 6-Methyl - 6 - dehydroprogesterone ap- 
peared to be inactive; it seems strange that 
introduction of the double bond in this com- 
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TABLE IT. Adrenal Depressant Activity of 6-Methylated Steroids in Rats. 


Compound Tes y es 
est Dose (ing) N wt (mg) 

Oil 1 — 8 50. 

2 — 6 59.1 
Progesterone il I 8 53.8 
6a-CH,-Progesterone 2 1 5 33.4% 
6-CH,-6-Dehydroprogesterone 2 it 6 53.5 
17-Acetoxyprogesterone 1 il 8 57.4 
6a-CH,-17-OAc-Progesterone il ‘3 9 34.8* 

il 1 8 23.2* 
6-CH,-6-Dehydro-17-OAc-prog. 1 8 23.2* 
6-CH,-6-Dehydro-17-OAc-21-fluoroprog. 1 9 20.6* 


* Mean differs significantly from mean of simultaneous oil-treated controls (P <.01; Wil- 


coxon Rank Sum Test). 


pound reduced activity while having no effect 
on activity of the 17-acetoxyprogesterone 
form. Since several active progestins lack 
adrenal depressant activity it appears that the 
2 activities are not directly related. 

Summary. Progestational, estrogen-antago- 
nistic and adrenal depressant activities of a 
series of 6-methylated steroids was deter- 
mined. Generally, introduction of a 6a-methyl 
group increased potency over the parent com- 
pound; 68-methylation of 17-acetoxyproges- 
terone increased potency to a lesser extent. 
When the configuration of the 6-methyl group 
was neither a nor £, potencies generally were 
about the same as or slightly less than the 
6a-methylated form. Exception to this was 
6 - methyl - 6-dehydro-17-acetoxyprogesterone 
which had high oral potency. Adrenal depres- 
sion was noted following 6-methylation. 
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Serum Levels After Single Oral Doses of 6-(a-Phenoxypropionamido) 


Penicillanate and Penicillin V.* 


(25450) 


CriarKE G. McCartuy, Hans A. HirscH AND MAXWELL FINLAND 
Thorndike Memorial Laboratory, Second and Fourth (Harvard) Medical Services, 
Boston City Hospital and Dept. of Medicine, Harvard Medical School, Mass. 


Isolation of 6-aminopenicillanic acid by 
Bachelor et al.(1) has made possible the 
preparation of new penicillins and related 
compounds, not easily accessible in other 


* Aided by grant from Nat. Insts. Health. 


ways. One such new synthetic penicillin is 
6 - (a-phenoxypropionamido) _ penicillanate.t 


+t Also designated a-phenoxyethyl penicillin 
(Syncillin, Maxipen); both the powder and the 
tablets consisted of a mixture of the d- anc !- isomers. 
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The present paper deals with controlled com- 
parison of levels of antibacterial activity re- 
sulting in serum from equivalent oral doses of 
this compound and of phenoxymethylpenicil- 
lin (penicillin V). 

Materials and methods. The synthetic 
penicillin, which will be referred to in the 
Tables as S, was supplied as potassium salt 
by Bristol Labs as P152, both as sterile pow- 
der and as tablets, each containing 268 mg. 
Potassium phenoxymethyl penicillin (penicil- 
lin V) was supplied as powder and as tablets 
containing 250 mg of penicillin V by Eli Lilly 
& Co. Each tablet contained the equivalent 
of 144 mg of 6-aminopenicillanic acid. The 
10 subjects of this study were healthy young 
men weighing 64-95 (av. 75) kg. Each was 
given, in rotation, 2 tablets of each of these 
forms of penicillin before or immediately after 
breakfast with interval of 3 or 4 days between 
doses. Because of an error in coding, all of 
subjects repeated the first 2 rotations so that 
each subject received 6 doses, of which 2 were 
duplicates; the 2 forms were thus given before 
or after breakfast twice to each of 5 subjects. 
Venous blood was obtained before, and again 
1, 2, 4, 8 and 12 hours after each dose; those 
given the dose on a fasting stomach took 
breakfast after the 2-hour blood. Serum was 
separated as soon as possible and each speci- 
men was stored in 2 tubes, kept frozen at 
—20°C until assayed. All specimens in each 
patient were assayed simultaneously by the 2- 
fold dilution method in beef heart infusion 
broth (pH 7.2), using both Streptococcus 98 
and Staphylococcus aureus 209P.+ Sensitivity 
of these strains to 3 forms of penicillin is 
shown in Table I. Equal parts of a 10+ dilu- 
tion of an 18 hr broth culture were added to 
serum dilutions and incubated at 37°C for 24 
hours. Results of these tests are expressed as 
maximum number of 2-fold dilutions of se- 
rums which completely inhibited the test or- 
ganism. Total activity resulting from each 
dose was estimated from the area under the 
curve of penicillin levels and expressed as dilu- 
tion hours. All second tubes of serum were 
delivered under code and in the frozen state 


+ These assays were carried out by Clare Wilcox 
and Joan H. Yarrows. 


itiw) aang Hore ic 4 i) 
TABLE I. Sensitivity of Assay Organisins to 3 
Forms of Penicillin. 


Minimum inhibiting cone., 


ug /ml* 
Penicillin Strep.98 Staph. 209P 
Penicillin G 008 O31 
a 013 026 
P152 031 068 


* Determined by 2-fold dilution method in broth. 
Each value is avg of 7 determinations done on dif- 
ferent days; results were all either identical or 
varied within a single 2-fold dilution. The mini- 
mum concentration detectable by the S. lutea eup- 
plate method was 0.02 wg/ml of both penicillin V 
and P152. 


to the Bristol Labs, where they were assayed 
by the cup-plate, agar-diffusion method using 
Sarcina lutea (ATCC 9341) as assay organ- 
ism(2). Results of these tests were compared 
with standards of both penicillin V and of 
P152 and expressed as pg/ml of each agent, 
and total activity from each dose was esti- 
mated from the “area” under the blood level 
curve and expressed as pg-hrs. 


Results of all assays (excluding those of the 
second of the same doses given each subject) 
are summarized in Table II. All control se- 
rums obtained before the doses and all serums 
drawn 8 and 12 hours after the doses yielded 
no detectable levels. Average levels obtained 
by any of the 3 methods with each form of 
penicillin given after breakfast did not differ 
significantly from those obtained when the 
same tablets were given on a fasting stomach. 
Likewise average peak levels obtained from 
nearly all doses were quite similar, the only 
statistically significant differences being in the 
antistaphylococcal and antistreptococcal ac- 
tivity derived from penicillin V taken fasting, 
which were higher than those obtained from 
P152 taken after breakfast. Total antistrep- 
tococcal and antistaphylococcal activity pro- 
duced in serum by penicillin V after a meal 
was also significantly greater statistically than 
that of the synthetic form given either before 
or after breakfast, and antistaphylococcal ac- 
tivity of serum resulting from penicillin V 
after the meal was significantly greater than 
that obtained from P152 after the meal. The 
4-hr levels after the fasting dose of P152 were 
significantly lower than at the same interval 
after penicillin V given either fasting or after 
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TABLE IT. Serum Levels after Oral Doses of Penicillin V and 6-(a-Phenoxypropionamido) 
Penicillanate in Relation to Food. 
See Ee 
A. Antistreptococeal and antistaphylococeal activity 


Avg No. of 2-fold inhibiting dilutions 


Avg total 


of serumt 8 hr activity,t 


Assay organism Dose* Lhr 2 hr 4 hr Peak dilution-hr 
Strep. 98 Vb hall 6.8 3.9 8.2 30.4 
Sb eet 6.5 2.8 Te 25.9 
Va 7.5 6.9 4.6 Tek 32.3 
Sa tess 6.3 3.7 7.5 27.7 
Staph. 209P Vb 6.9 5) 2.3 oll 21.9 
Sb 6.8 5.1 4 6.8 15.7 
Va 6.6 5.6 Sell 6.8 24.3 
Sa 6.4 5.2 ie 6.4 19.2 


Significant differences 


Strep. 98 Peaks Vb-Sa (P <.05) 
Total activity Va-Sb (P <.01) 

Va-Sa (P <.05) 

4 hr level Vb-Sb (P <.05) 

Va-Sb (P <.01) 


Staph. 209P Peaks Vb-Sa (P <.02) 

Total activity Vb-Sb (P <.02) 
Va-Sb (P <.01) 
Va-Sa (P <.05) 
Vb-Sb (P <.02) 
Va-Sb (P <.01) 


4 hr level 


B. Serum levels based on penicillin standards in cup-plate diffusion method 


— g/ml of serum (avg)}——-_ Avg total 8 hr 

Penicillin standard* Dose* Lhr 2hr 4 hr Peak  activity,t wg-hr 
Vv Vb 3.0 1.0 2 3.1 5.1 
Sb 2.8 Het ail 2.8 4.6 
Va 2.6 1.3 3 2.7 5.2 
Sa 2.3 lpi 2 2.4 3.9 
Ss Vb 3.2 1.2 2 3.3 5.4 
Sb 3.0 1.2 “ll 3.0 5.1 
Va 2.9 es 2 2.8 5.1 
Sa 2.4 ital 2 2.5 4.7 

None of differences are siguificant. 
* V — penicillin V; S = 6-(a-phenoxypropionamido) penicillanate; dose was 500 mg and 


536 mg, respectively, given orally as the potassium salt; b = dose given on fasting stomach, and 
breakfast taken after 2 hr blood; a = dose given immediately after breakfast. 

+ Estimated for 8 hr as ‘‘area’’ under curve of serum levels. 

t Each value is avg for same 10 subjects; all control seras taken before the doses and all 
those obtained 8 hr after the doses yielded no detectable levels. 


breakfast. No differences in levels obtained 
by the cup-plate diffusion method, however, 
achieved statistical significance. 

The validity of the comparisons is attested 
by results of duplicate tests done after the 
subjects had taken the same tablets on dif- 
ferent occasions. Average results of these 
duplicate tests, each done in 5 subjects, are 
remarkably similar, and the same was true of 
assays of the corresponding individual serums. 

Comment. These crossover studies indicate 
that the new synthetic penicillin and penicil- 
lin V are absorbed in a remarkably similar 
manner and degree and that these forms of 
penicillin yield quite comparable serum levels 
when given in the same manner to the same 


individuals at different times. The differences 
noted, although some of them were statisti- 
cally significant, are not likely to be of clini- 
cal importance. 

Other observations not detailed here have 
indicated some differences in susceptibility of 
a number of strains of staphylococci to these 
2 forms of penicillin and to penicillin G, but 
these differences, too, are not large enough to 
be of clinical importance, and, for the most 
part, are of the same order of magnitude as 
those shown in Table I. 

Synthetic penicillin is also inactivated by 
penicillinase. In our tests 194 strains of peni- 
cillinase-producing staphylococci and 35 
which did not produce penicillinase were 
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streaked on the surface of agar inseminated 
with Sarcina lutea and containing P152 in ex- 
cess of minimum inhibiting concentration of 
the latter, in a modified Gots test for penicil- 
linase(3). Colonies of Sarcina developed 
around the surface growth of all the penicil- 
linase producing strains of Staphylococcus 
aureus in these plates in the same manner as 
in similar plates in which penicillins V and G 
were used, indicating that all 3 of these peni- 
cillins are at least qualitatively similar in their 
susceptibility to penicillinase activity. 
Conclusions. Potassium 6-(a-phenoxypro- 
pionamido) penicillinate and potassium phe- 
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noxymethyl] penicillin are absorbed in essen- 
tially the same manner in normal men and 
produce comparable levels of antibacterial ac- 
tivity in the serum. Both of these penicillins 
are qualitatively similar to penicillin G in 
their susceptibility to penicillinase produced 
by Staphylococcus aureus. 
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Previous reports(1-5) indicate that the 
metabolic pattern as well as urinary and se- 
rum levels of Vit. By» may differ according to 
the disease state in question, such as perni- 
cious anemia(6-8), liver disease(9-11), mye- 
logenous leukemia(12-13), diabetes mellitus 
(14-15) and others. Since Vit. B,. has been 
implicated in metabolism of proteins, carbo- 
hydrates, fats and nucleic acids, it is not too 
surprising that alterations in its disposition by 
the body in diverse disease states have been 
observed. Vit. By2 has been also implicated 
with multiple sclerosis (MS) because of the 
beneficial effect of Vit. Bis in preventing and 
even reversing the demyelinizing effects of 
pernicious anemia. For this reason, treat- 
ment of MS with large doses of Vit. Bios 
has been investigated in many clinics with 
variable results(16-18). It is, therefore, of 
interest to ascertain (1) whether there are bio- 
chemical signs of Vit. By» deficiency in sub- 
jects with MS by measuring Vit. B,» serum 


* The authors appreciate the Cobalt® labeled vit. 
By. kindly supplied by Dr. Charles Rosenblum, 
Merck & Co., Rahway, N. J. 

t Present address: Veterans Admin. Center, Bay 
Pines, Fla. 


levels and glutathione (GSH) contents in the 
erythrocytes and (2) to determine whether 
such patients can handle orally or parenterally 
administered Vit. By. as the clinically healthy 
subjects. 

Materials and methods. The Vit. By». con- 
taining Cobalt® had a specific activity of ap- 
proximately 800 pc/mg for urinary excretion 
studies. Preparation of “resting” cells of Lac- 
tobacillus leichmannii ATCC 4799 has been 
described(9). Serum. Whole blood was ob- 
tained by venipuncture from fasting patients. 
Serum obtained by centrifugation was stored 
in frozen state until assayed. Serum Vit. By» 
levels were determined according to the meth- 
od of Skeggs, et al.(20). Vit. By» absorption 
test. To estimate absorption of orally admin- 
istered Vit. By2, the Schilling procedure(6) 
was modified. The details have been pub- 
lished elsewhere(19). Glutathione in erythro- 
cytes. Determination of GSH in red blood 
cells was carried out in duplicate aliquots of 
0.5 ml of blood cell suspension by the nitro- 
prusside test as modified by Grunert and 
Phillips(21-22). Urinary excretion test. To 
determine amount of injected Vit. By». re- 
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Number oa 
Subjec S.E 


3 $0 ihé€;, HN 100% 85 


50% 212.3 
serum 


a2 NUN jc 100% $4.6 
68% +7.1 


Glutathione levels in erythrocytes 
100% 432 


So TTT iii aena coe 


Urinary excretion test for absorption of orally administered 812 


SOO LLL CETTE t isomers 


2 EL Pr ksad o 


Bio binding power in serum 


100% +31 
80% +45 


NII Conteot subjects (mean value of clinically healthy 
Control subjects taken as 100%) 


WHER Sudjects witn multipfte sclerosis 


iMtes ale 


tained by tissues, the procedure of Lang, et al. 
(23) was used. All patients here described 
were diagnosed by several neurologists and 
followed up in a University setting. These 
diagnoses were established for years and no 
recent cases were included. Except for 2 
or 3, all were ambulatory patients and none 
were acutely ill hospitalized patients. All 
showed progressive disease but no acute exa- 
cerbation. 

Results. Fig. 1 summarizes results of Vit. 
By2 serum levels, urinary excretion test for 
both absorption of orally administered and 
retention of intramuscularly administered 
Vit. By2 serum Vit. By. binding capacity, and 
finally GSH contents of erythrocytes. In 
_ presenting our results, the mean value of 
clinically healthy control subjects was as- 
signed a level of 100% and results obtained 
from studies on MS patients were compared 
percentage-wise to this level. 

Serum Vit. By. concentrations as obtained 
by microbiological assay technic employing 
L. leichmanni. ATCC 4797, demonstrated 
that the MS group had a significantly lowered 
mean value (50% of normal group). The 
range of these serum Vit. By. contents was 
220 pyg/ml to <50 pyg/ml. Ten of 21 cases 
had levels well within our range for pernicious 
anemia patients (50 pug/ml), whereas some 
were within normal range. 

Since severe Vit. By deficiency with such 
low Vit. By. serum levels is often accompanied 
by marked diminution in the GSH content of 
red blood cell(22), the latter level was like- 
wise quantitated. The observed data sug- 
gest that the MS group has a diminished GSH 


content of erythrocytes (68% of normal 
group). This method indicates concentration 
of sulfhydryl groups, and since GSH is re- 
sponsible for almost all of the SH of the red 
blood cell, the measurement is essentially spe- 
cific for this compound. 


To determine whether Vit. By. deficiency 
is due to poor absorption of orally adminis- 
tered Vit. Bis, the urinary excretion test was 
performed. In the third pair of bars, com- 
parisons are made of urinary excretion results 
for absorption of orally administered Vit. By. 
between MS patients and clinically healthy 
control subjects. The procedure employed 
followed the directions of Schilling(6) for es- 
timation of orally absorbed Vit. By. The 
data indicate that there was greater radioac- 
tivity in urine of MS patients than in urine 
of the control group. However, when ability 
to retain injected Co®°B,;. was measured, 
it was observed that the MS group ex- 
creted considerably more of injected Vit. 
By. as quantitated by urinary excretion of 
this vitamin. The next 2 sets of bars sum- 
marize this finding. The last set of bars 
summarizes data which indicate that serum 
of MS patients bind somewhat less Vit. 
By than the control group (100% vs. 80%). 
The procedure, following microbial absorption 
technic, quantitates residual binding capacity 
of serum for Vit. Byo. 

In view of data indicating increased excre- 
tion of Vit. By2 by MS subjects when admin- 
istered Vit. B,. intramuscularly, studies were 
initiated to compare excretion patterns of 
MS patients upon administration of Vit. By. 
in aqueous solution or as a repository. To 
this end, 5 MS patients (Group A) were 
treated with Vit. By. (1000 pg), whereas 8 
MS patients (Group B) were treated with 
Depinar (500 pg). Group A excreted 600: + 
80 pg of Vit. By: in 24 hrs, whereas Group B 
only 25.1 + 2.5 pg in similar period. When 
such patients (Groups A) were adminis- 
tered Vit. By. at 500 pg level, approximately 
one-half of 1000 pg excretion level was ob- 
served. It is readily observed that the MS 
patients receiving ‘““Depinar” excreted a frac- 
tion of Vit. By» activity of the group receiving 
Vit. By. (cyanocobalamin) (Table I). 


182 Bi. METABOLISM AND MULTIPLE SCLEROSIS 


TABLE I. Urinary Excretion of MS Patients Ad- 
ministered Vit. By and ‘‘Depinar’’ Intramuscu- 


larly. 
Total By activ- 
ity in 24 hr urine 
Group Treatment No. (ug) 
A Vit. By (1000 yg) 5 660 +80 * 


Bea Depinara. (O00i iS) 25.1 += 2.5 


* Stand. error of mean. 


Discussion. Vit. By. has been associated 
with MS since Booth and co-workers at- 
tempted to treat this disease with massive 
doses of Vit. Bio. Levin(17) and Leveboul- 
let(18) have likewise explored Vit. Byz as an 
aid in management of MS. Results have been 
variable and difficult to evaluate because of 
spontaneous remissions characteristic of this 
disease. Vit. By. has great efficacy in prevent- 
ing and even reversing the demyelinizing ef- 
fect of pernicious anemia. It is perhaps this 
dramatic therapeutic property of Vit. By». 
that has led to investigations in metabolism 
of this vitamin in MS. Our study demon- 
strates possible biochemical signs of Vit. By». 
deficiency as indicated by low Vit. By. serum 
levels. It is also evident that MS patients as 
a group have diminished GSH contents of the 
red blood cell. Ling and Chow(22) found de- 
creased level of non-protein sulphydryl groups 
in erythrocytes of animals fed diets deficient 
in Vit. By. Patients with pernicious anemia 
had marked diminutions of soluble sulphy- 
dryl compounds in blood, which increased 
upon administration of Vit. Bj2. The changes 
observed in blood sulphydryl levels were pri- 
marily due to those in concentration of GSH. 
Since these patients were not administered 
Vit. By2, and many of their serum Bj» levels 
indicated deficiencies, further work will deter- 
mine whether Vit. B,». corrects this diminution 
in sulphydryl compounds in blood. Decreases 
in blood GSH may also occur in certain con- 
ditions other than pernicious anemia, such as 
potassium or sodium deficiency (24), diabetes, 
and some chronic infections. Whether the de- 
creased GSH level observed in the MS group 
is due to a derangement in productive ca- 
pacity of the soluble sulphydryl compounds 
or to an increased destruction due to oxidation 
or conjugation with metabolites produced 
during the course of MS is not known. The 


deficiency is not due to poor absorption of 
orally administered Vit. By2, but to poor tis- 
sue retention so that absorbed Vit. By is 
readily excreted and, therefore, unavailable 
for metabolic use. Since parenterally admin-— 
istered cyanocobalamin in an aqueous solution 
is rapidly excreted in urine even ‘by non-mul- 
tiple sclerotic subjects, search was made for 
a preparation containing Vit. By:, with re- 
pository effects. It was found that intra- 
muscular administration of Vit. By. in the 
form of Vit. By,2-tannate derivative, ‘“De- 
pinar,” resulted in marked retention of this 
vitamin as measured by urinary excretion. 
Additional studies(25) on both control hu- 
man adults and rats demonstrated that ‘“De- 
pinar”’ administered intramuscularly resulted 
in marked elevation of serum Vit. By» levels 
which persisted over several weeks. It was 
likewise observed that rats administered ‘“‘De- 
pinar” tagged with Co® Vit. By. had elevated 
radioactivity in the organs. These results in- 
dicated that when Vit. By. was provided in 
depot form, it would be excreted at a slower 
rate and thus provide a continuous source of 
Vit. By. for metabolic functions. 

Future studies should indicate whether Vit. 
Bi2 supplied in the form of ‘“Depinar” will 
increase low blood levels of By. in several MS 
patients as observed in a normal group for 
prolonged periods of time. 

Summary. Data have been presented to 
suggest that MS patients as a group do not 
metabolize Vit. Bj. and GSH, quite in the 
same quantitative manner as a control group. 
Their average Vit. By serum level is lower, as 
is their ability to retain the vitamin when ad- 
ministered intramuscularly, although they ab- 
sorb adequately. Average GSH content of the 
red blood cell was reduced in the MS group. 
When Depinar, a Vit. By-tannate derivative, 
was administered to such patients, Vit. By» 
was excreted much more slowly in urine than 
aqueous Vit. Bypo. 
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Effect of Inhibitors of Oxidative Phosphorylation on Biosynthesis of 


Cholesterol and Precursors by Liver Homogenates.* 
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Essentially whole homogenates of rat liver 
readily convert mevalonic acid (MVA) into 
non-saponifiable material (NSF) and choles- 
terol(1). This synthetic capacity is ordi- 
narily retained during a control preincubation 
period but preincubation with RNAse abol- 
ishes capacity to convert MVA to NSF(2). 
RNAse-treated homogenates, in contrast to 
controls, are devoid of ATP but homogenates 
pretreated with RNAse and heated liver ex- 
tract from which ATP has been removed by 
anion exchange chromatography maintain a 
level of ATP and convert MVA to NSF(3,4, 
5). In the liver homogenate system studied 
the amount of added MVA incorporated into 
NSF appears to be directly proportional to 
the level of ATP existing at the time of MVA 

* Supported by research grants from Nat. Science 
Fn. and Nat. Inst. Health and by funds available 
through State Univ. of N. Y. 


addition. Whole homogenates of liver convert 
MVA to NSF under aerobic but not under 
anaerobic conditions(6). Biosynthesis of 
NSF occurs under anaerobic conditions, how- 
ever, if the homogenate is first centrifuged at 
intermediate speed to remove “tissue frag- 
ments” relatively rich in ATPase activity. 
The foregoing observations emphasize the sig- 
nificance of systems concerned with the gen- 
eration of ATP in the biosynthesis of NSF 
and cholesterol. ATP is known to be speci- 
fically required in the phosphorylation of 
MVA, the phosphorylation of MVA-5-phos- 
phate and the concerted decarboxylation and 
dehydration of MVA-5-pyrophosphate(7). 
Oxidative phosphorylation is the primary 
source of ATP in aerobic homogenates of 
liver. Accordingly some inhibitors of oxida- 
tive phosphorylation have been studied for 
the extent to which they indirectly inhibit bio- 
synthesis of NSF and cholesterol and the data 
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obtained are reported in this paper. 

Materials and methods. The biosynthetic 
experiments involved preincubation of 5 ml 
aliquots of 200 x g supernatant fraction of 
rat liver homogenate prepared as _previ- 
ously described with 5 ml amounts of buf- 
fer or inhibitor in buffer for a_ period 
of 30 min in stoppered 125 ml Erlenmeyer 
flasks(1-6). Each flask also contained 1 mg 
ATP and 1 mg DPN and each flask was 
aerated with a stream of oxygen prior to pre- 
incubation. Following preincubation each 
flask was opened and 1 ml MVA-2-C™ solu- 
tion added, the contents were aerated and the 
flasks then reincubated for an additional 3 
hrs. After the final incubation the homoge- 
nates were saponified, extracted with petro- 
leum ether, the extracts dried with sodium 
sulfate, filtered, evaporated, taken up in scin- 
tillation mixture and counted. 
studies have shown(1) that under the experi- 
mental conditions employed in these studies 
the counts found in the NSF fraction are es- 
sentially cholesterol or other digitonin-pre- 
cipitable material. In some of the experiments 
sodium succinate was added to the homoge- 
nates at a level of 0.05 M. Supplementation 
with this substrate has been found to reduce 
incidence of experiments where no incorpora- 
tion of MVA occurs even in control flasks. 

Results. The data obtained are summarized 
in Table I. By far the most active inhibitor 
is 2,4-dinitrophenol. Biosynthesis of NSF 
from MVA is essentially nil at 10° to 104 M 
concentrations of the inhibitor. Methylene 
blue and acriflavin are quite active with essen- 
tially maximum inhibition at 10+ to 10° M. 
At sub-inhibitory levels methylene blue ap- 
pears to stimulate the system. Potassium cy- 
anide is completely inhibitory at 10-2 M but 
shows no inhibition at 10 M. Sodium fluor- 
ide is inhibitory in the range of 10° to 102 M. 
Calcium chloride is not inhibitory at 10° M 
and higher concentrations were not studied. 
Sodium azide is only partially inhibitory at 
10°? M. 

Discussion. The results obtained show that 
homogenates of rat liver preincubated with 
classical inhibitors of oxidative phosphoryla- 
tion no longer incorporate MVA into NSF. 
The mechanism seems obvious that in the 
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TABLE I. Summary of Inhibition Data. 


% inhi- 
Exp. #° Inhibitor Cone.,M epm_ bition 

1 None 3483 
Potassium cyanide 1X 10% 3592 0 
2,4-Dinitrophenol ‘ 12 100 
Sodium azide 4 3698 0 
Calcium chloride as 3228 7 
Methylene blue a 74 98 

2 None 3546 
2,4-Dinitrophenol 1X 10% 3. ©6100 
% WU S< WO= LOPS 100) 
Methylene blue g 20 100 
Sodium fluoride <a 30 99 
Idem x 107 1496 58 

3* None 4095 
Methylene blue W Se UO? 17. ~—- 100 
Idem 1x 10+ 4539 0 
v ESC LO 5239 0 

4* None 3731 
Methylene blue WSS WS 0 100 
Idem I< Alea oysts} 0 
Acriflavin iL S< GRE 0 100 
a: 1 << 102035 0 
se WS TOR isi 0 

5 None 4308 
Sodium fluoride I< NO 339 92 
Idem 5 5¢ 102 544 87 
4 Ise eet 60 
x 5X 10° 1547 64 
z NS UOS aap. iy 
3 USO BG 13 

6 None 5329 
Sodium fluoride WS OY 53 99 
Idem 1x 10% 4459 16 

7 None 5549 


2,4-Dinitrophenol 1X 10+ 251 96 
22 Se UO? Sylila 8 

8 None 1513 
2,4-Dinitrophenol 1 x 10+ 6 27100 
2 I S< lo 19 oo 
Potassium cyanide 1 x 107 16 99 
Sodium azide é 793 48 


* Signifies experiments carried out in the pres: 
ence of 0.05 mM sodium succinate. 


presence of the inhibitors ATP which is re- 
quired in a number of the metabolic conver- 
sions of MVA to NSF is either not formed or 
is more rapidly hydrolyzed. 

A number of the compounds studied were 
less active, presumably as inhibitors of oxida- 
tive phosphorylation, in the present system 
than in other systems that have been studied 
involving isolated liver mitochondria. Since 
the present system is a very crude one it is 
to be expected that specific components 
against which the inhibitors act are present in 
large excess and consequently require more 
inhibitor for inactivation. 
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Although some of the compounds studied 
are quite active as indirect inhibitors of NSF 
and cholesterol biosynthesis there is little pos- 
sibility that an inhibitor of oxidative phospho- 
rylation would have utility in practical control 
of cholesterol biosynthesis. Oxidative phos- 
phorylation is of such fundamental signifi- 
cance in the metabolism of most cells in an 
aerobic environment that no basis of selective 
action against cholesterol biosynthesis in par- 
ticular would appear to exist. 

Summary. Classical inhibitors of oxida- 
tive phosphorylation particularly 2,4-dinitro- 
phenol inhibit the biosynthesis of non-saponi- 
fiable material and cholesterol from mevalonic 
acid by rat liver homogenates. Presumably 
in the presence of inhibitors a level of ATP 
is not maintained for the phosphorylations 
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and the concerted decarboxylation and dehy- 
dration essential in utilization of mevalonic 
acid. 


1. Wright, L. D., Cleland, M., Proc. Soc. Exp. 
Bior. and Mep., 1957, v96, 219. 

2. Wright, L. D., Cleland, M., Dutta, B. N., ibid., 
1958, v98, 425. © 

3. Wright, L. D., Cleland, M., Norton, J. S., J. Am. 
Chem. Soc., 1958, v80, 3485. 

4. Wright, L. D., Cleland, M., Norton, J. S., Loeb, 
M., Proc. Soc. Exp. Brot. AND MEp., 1958, v99, 299. 

5. Wright, L. D., Loeb, M., Norton, J. S., ibid., 
1959, v101, 866. 

6. Wright, L. D., Loeb, M., ibid., 1959, v102, 540. 

7. Chaykin, S., Law, J., Phillips, A. H., Tchen, 
el BlochyaK Proc Natl A cada ScimUa Sem o5 3" 
v44, 998. 


Received November 2, 1959. P.S.E.B.M., 1960, v103. 


(25453) 


TAKETAMI SAKURAGI AND FRED A. KUMMEROW 
Dept. of Food Technology, University of Illinois, Urbana 


When pyridoxine was treated with a mix- 
ture of glacial acetic acid and hydrogen per- 
oxide, addition of one atom of oxygen resulted 
(1). Based on analogous reactions observed 
with a variety of pyridine derivatives(2), the 
product was believed to be pyridoxine N-ox- 
- ide(1). The currently available data indicate 
that some biological systems are capable of re- 
ducing a heterocyclic compound containing N- 
oxide functions(3,4). In addition, the bio- 
logical formation of N-oxides as a normal con- 
stituent has been reported(4,5). By means of 
bioautography and microbiological assay, py- 
ridoxine N-oxide retained some Vit. Bg activ- 
ity for growth of Saccharomyces carlsbergen- 
sis, suggesting that yeast could reduce a por- 
tion of the N-oxide(1). In the present study, 
the metabolism of pyridoxine N-oxide by rats 
has been investigated. 

Methods. Male rats 3 weeks of age were 
placed on basal diett for 10 days and then 
evenly divided into 5 groups of 6 rats each 


* This work supported by research grant from Nat. 
Insts. Health, U.S.P.H.S., Department of HEW. 


with respect to body weights. During assay 
period, the basal ration and water were fed 
ad lib. In addition, rats were supplemented 
once each week for 4 weeks with distilled 
water, or distilled water which contained 20 
ug of pyridoxine hydrochloride, 100 yg 
of pyridoxine hydrochloride, or equivalent 
amounts of pyridoxine N-oxide hydrochlo- 
ride. Paper chromatography and _ bio-au- 
tography. Paper chromatography was con- 
ducted on Whatman No. 1 filter paper 
at room temperature in a descending sys- 
tem. The solvent was the upper layer of a 
mixture of isoamyl alcohol, pyridine and 
water (2:1:2, v/v). The spots of Vit. Be 
components as well as pyridoxine N-oxide 
were detected by spraying the papergram with 

+t Each 10 lbs. of basal ration free from both fats 
and vit. B, contained 7.8 lb glucose, 1.8 Ib vitamin- 
free casein, 0.4 Ib Wesson salts(6),9 g choline chlor- 
ide, 4.5 g inositol, 10 mg thiamine chloride hydro- 
chloride, 15 mg riboflavin, 100 mg nicotinic acid, 90 
mg D-calcium pantothenate, 45 mg menadione, 0.5 
mg biotin, 15,000 I. U. vit. A, 0.15 mg calciferol and 
3C mg alpha-tocopheryl acetate, 
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PyRIDOXINE N-OXIDE IN RATS 


TABLE I. Average Body Weight Gains of Male Rats Supplemented with Pyridoxine or Pyri- 
doxine N-oxide over a Period of 4 Weeks. 


Levels of supplement,t pg/rat/wk 


0 20 100 
Supplement* g = 
Pyridoxine ; : 37.3 + 4.1 (6) 83.7 + 6.7 (6) 
rrr N-oxide ergise CDI: 32.3 + 4.4 (6) 79.7 + 6.2 (6) 


* Supplementation was conducted onee a week at beginning of every week by oral adminis- 
tration of aqueous solution of vitamin preparations. : 

+ Vitamin level is indicated as pyridoxine hydrochloride. 

+ Stand. dev. caleulated according to the formula: \ KOE Cie= 1). 

§ Figures in parentheses indicate No. of rats used in each group. 


N,2,6-trichloro-p-quinoneimine dissolved in 
benzene followed by exposure to ammonia va- 
por, or ferric chloride dissolved in ethanol. 
For bioautography, the papergram which had 
been dried was cut into 21 sections so that 
each section represented 0.05 of an Rf unit. 
These sections were numbered from 0 to 20 
as the Rf values increased, and individually 
placed in a tube containing 9 ml of assay me- 
dium(7). After 1 hr at room temperature, 
the paper sections were removed and the 
tubes steamed in autoclave at 100°C for 10 
min. After cooling, each tube was inoculated 
with 1 ml of a suspension of a 24 hr culture of 
S. carlsbergensis (A.T.C.C. 4228). Incuba- 
tion was conducted at 30°C for 18 hr and 
growth of yeast in each tube was measured, 
using Coleman No. 9 Nepho-Colorimeter, de- 
gree of growth expressed in terms of optical 
density against distilled water at 655 mp. Ex- 
cretion of Vit. B, from rats after administra- 
tion of pyridoxine and pyridoxine N-oxide. 
Six normal male rats weighing between 395 
and 410 g were divided into 3 groups of 2 rats 
each. Two ml of distilled water, 2 ml of dis- 
tilled water containing 5 mg of pyridoxine hy- 
drochloride, or 2 ml of distilled water contain- 
ing equivalent amount of pyridoxine N-oxide 
hydrochloride was administered via stomach 
tube. Urine was collected for 15 hr; urine 
samples were pooled within each group and 
diluted to 100 ml. To each paperstrip, 0.01 
ml of urine thus prepared was applied and de- 
veloped for bioautography. One-tenth ml of 
urine specimen after supplementation with py- 
ridoxine N-oxide was also mixed with 0.1 ml 
of concentrated hydrochloric acid. Five mg 
of sodium nitrite was added to the acidic solu- 
tion and the mixture heated on steam bath for 


10 min., 0.02 ml of final solution was used for 
bio-autograph. 

Results of growth assay with rats using 
pyridoxine or pyridoxine N-oxide as sole 


source of Vit. Bg indicated that pyridoxine N-_ 


oxide retained Vit. Bs, activity (Table I). 
Differences between body weight gains which 
resulted upon supplementation with pyridox- 
ine and pyridoxine N-oxide were statistically 
insignificant at the 5% level. 

Efficient utilization of pyridoxine N-oxide 
as source of Vit. Bg by intact rats was further 
supported by data of urine samples collected 
after administration of pyridoxine hydro- 
chloride or pyridoxine N-oxide hydrochloride. 
Supplementation with pyridoxine and its oxide 
apparently gave similar bioautographic pat- 
terns (Fig. 1: B, C). When the urine speci- 
men, obtained after oral administration of 
pyridoxine N-oxide, was treated with nitrous 
acid before bioautography, the low Rf peak 
disappeared, while the high Rf peak remained 
(Fig. 1; D). This confirms that the former 
peak represented pyridoxamine. Under the 
experimental conditions, peaks of pyridoxal 
and pyridoxine tended to fuse, and thus the 
high Rf peak as observed represented pyri- 
doxal and/or pyridoxine. Although the N- 
oxide was far less active than pyridoxine in 
supporting growth of assay organism,} the ap- 
pearance of a large, high Rf peak after ad- 
ministration of the N-oxide suggested that ex- 
cretion of pyridoxine N-oxide as such in urine, 
if any, was negligible (Fig. 1; C). The pat- 
terns as presented were obtained using 0.01 ml 


+ Apparent activity of pyridoxine N-oxide in sup- 
porting growth of assay organism, S. carlsbergensis, 
varied from time to time, usually ranging 5-17% of 
that of pyridoxine on a molar basis, 


urine. 
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Bioautographie pattern of vit. B, in rat 
Urine samples were collected over a period 
of 15 hr after oral administration of (4) none, 
(B) pyridoxine- HCl, or (C) pyridoxine N-oxide - 
HCl. The pattern D represented urine collected 
after administration of pyridoxine N-oxide and 
subsequently treated with nitrous acid.. The low R/ 
peak represents pyridoxamine and the high Rf peak 

represents: pyridoxal and/or pyridoxine. 


each of urine specimens. Even 0.05 ml of 
urine specimen from rats which had been sup- 
plemented with pyridoxine N-oxide failed to 
reveal a peak corresponding to pyridoxine N- 
oxide. a 

Since it became evident that reduction of 
pyridoxine N-oxide to Vit. Bg readily oc- 


TG... 1) 


_ curred’ in intact animals, its possible transfor- 


mation im vitro was investigated. Fifty pg of 
pyridoxine N-oxide hydrochloride was incu- 
bated with 0.5 ml of a 0.1 M phosphate buf- 
fer (pH 7.4) for 4 hr at 37°C in an open tube 
in the presence of 50-55 mg of fresh rat liver 
slice (approximately 1.5 mm thick) and of 
other additives. The liver slices were prepared 
from 45-55 day old normal male rats weighing 
180-230 g. After incubation, degree of reduc- 
tion was calculated from the increase in appar- 
ent Vit. Bg activity in the digest, as measured 
directly with S. carlsbergensis(8). Reference 
tubes were concurrently prepared with pyri- 
doxine hydrochloride as well as pyridoxine N- 
oxide hydrochloride. The calculation was 
based upon the assumption that Vit. Bg, pre- 
sumably pyridoxine, which had been formed 
from pyridoxine N-oxide did not undergo fur- 
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ther changes. Under conditions employed, 50 
vg of pyridoxine hydrochloride, which had 
been incubated in place of pyridoxine N-oxide 
hydrochloride, retained its full activity when 
assayed with S. carlsbergensis. 

Liver slices alone were unable to reduce 
pyridoxine N-oxide. In the presence of liver 
slice plus 800 »g of DPNHS or 5 mg of a 
preparation of alcohol dehydrogenase, reduc- 
tion of pyridoxine N-oxide was noted. In 
both cases, however, only approximately 5% 
of N-oxide originally added was reduced. 
When the alcohol dehydrogenase was used as 
an additive, further addition of DPN and/or 
ethyl alcohol, or addition of Mg** and/or 
Mn* failed to enhance the reduction. It was 
also noted that reduction of pyridoxine N- 
oxide by rat liver slices did not occur in the 
presence of one or more of the following addi- 
tives: ATP, DPN, TPN, TPNH, glucose 6- 
phosphate and glucose 6-phosphate. dehydro- 
genase. Under the variety of » conditions 
tested, whenever no increase in Vit. Bg activ- 
ity after incubation was observed, Vit. Bg ac- 
tivity attributable to the original pyridoxine 
N-oxide was fully recovered, suggesting that 
the N-oxide remained unchanged. 

A variety of Vit. Bg derivatives retaining 
vitamin activity for growth of rats are known 
(7,9-11). Except for the w-methyl analogs of 
Vit. Bg, they are believed to regenerate free 
Vit. Bg in vivo(7,11). Our results seemed to 
indicate that im vitro pyridoxine N-oxide per 
sé could not replace the biochemical functions 
of Vit. Bs, which, however, is readily formed 
in vivo from the N-oxide. It has been re- 
ported that the N-oxide of a metabolite some- 
times serves as an antimetabolite(12). Pyri- 
doxine N-oxide, however, does not seem to 
act as an antivitamin Bg in rats as well as in 
yeast. 

Summary. The evidence shows that intact 
rats are capable of reducing pyridoxine N- 
oxide to Vit. Bg and utilizing it as a source of 
vitamin. Pyridoxine N-oxide supported 
growth of rats almost as efficiently as did an 
equivalent amount of pyridoxine. 


§ Preparations of DPNH (Lot No. 79-741), yeast 
alcchol dehydrogenase (Lot No. 79-700), DPN, TPN, 
and TPNH were purchased from Sigma Chemical 
Co., St. Louis, Mo. 
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Serologic Comparison of Mammary Tumor Viruses from 3 Strains of Mice.* 


(25454) 


Puytuts B. Bratr (Introduced by Howard A. Bern) 
Dept. of Zoology and Its Cancer Research Genetics Lab., University of California, Berkeley 


The antigenic nature of the mouse mam- 
mary tumor virus is recognized. Sera of rab- 
bits, rats, and guinea pigs(1-3) previously in- 
jected with extracts of virus-containing tis- 
sues are capable of neutralizing the virus in 
tumor extracts, both im vivo and in vitro. 
Normal sera of these animals, on the other 
hand, have little or no effect on the virus. The 
present experiment was designed to investi- 
gate possible antigenic differences between 
mammary tumor viruses possessed by differ- 
ent strains of mice. To eliminate any possible 
effect arising from tissue antigen differences, 
one strain (BALB/cCrgl) served as donor for 
all viruses. A comparison was made between 
the antigenicity of the viruses carried by 2 
different strains of mice (C3H/Crgl and A/ 
Crgl) and also between the viruses carried in 
a strain (A/Crgl) and a subline of it (A/ 
Crgl/3, formerly designated A/vi), which are 
known to differ in effect upon tumor develop- 
ment(4). In addition, possible tissue differ- 
ences were investigated by a comparison of 
one virus in 2 genetically different hosts (A/ 
Crgl virus in A/Crgl and in BALB/cCrgl 


* Conducted during tenure of N.S.F. predoctoral 
fellowships. Aided by Am. Cancer Soc. grant and 
by Univ. of California cancer research funds. The 
helpful advice of Professor K. B. DeOme is grate- 
fully acknowledged. 


mice). The effectiveness of rabbit antisera in 
neutralizing the activity of the viruses was 
measured by tumor incidence in susceptible 
virus-free test mice injected with virus and 
antiserum. 

Materials and methods. Antigen prepara- 
tion: Mammary tissue was taken from the 
following groups of mice (Table I): BALB/c 
females (virus-free C); BALB/c females fos- 
tered on C3H (C3H virus in C); BALB/c 
females fostered on A/3 (A/3 virus in C); 
BALB/c females fostered on A (A virus in 
C); and A females (A virus in A). The 
donor females were permitted to breed, and 
were sacrificed during the third week of. their 
second lactation. Mammary gland pairs #2, 
3, and 4 were dissected out. The mammary 
glands from 2 females in a group were homo- 
genized in a Waring blendor with 24 ml ster- 
ile saline for a total of 2 min. The mixture 
was spun in an International Clinical Centri- 
fuge for 30 min at 1540 g. The pellets were 
discarded and the supernatants were then 
spun for 90 min in the multispeed attachment 
of an International Model U Centrifuge 
(maximum 30,000 g). The supernatants were 
discarded, and the pellets were resuspended in 
saline (.5 ml/g of original tissue weight for 
injection into rabbits, 2 ml/g of original tis- 
sue weight for injection into mice). The solu- 
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TABLE I. Mammary Tumor Development in BALB/c Females Given Various Injections of 
Mammary Tumor Virus and Rabbit Antiserum. 
Antigen source No. of No. with Mean tumor 
for antiserum Virus mice tumors % tumors age (mo) 
No serum A virus in C 24 10 42 12.6 
A/3 idem 23 14 61 8.2 
Bye 24 3 54 LO) 
A virusin A 22 a 32 HERG 
Normal rabbit serum A virusinC 23 12 52 11.9 
A/3 idem 25 13 52 8.5 
Gayel 16 6 38 eS 
A virusin A 20 9 45 12.3 
Virus-free C A virus in C 19 1B 58 11.0 
A/3 idem 20 16 80 8.3 
CSE e 19 8 42 10.4 
A virusin A 16 7 44 13.6 
A virus in C A virus in C 30 1 3 16.5 
A/3 idem 16 0 
CSE 26 0 
A virusin A 28 0 
A/3 virus in C A virus in C 25 0 
A/3 idem 15 0 
C3H virus in C A virus in C 27 1 4: 8.5 
C3H idem ih 0 
A virus in A A virus in C 27 ib 4 14.0 
A yirus in A 26 0 


tion was cleared by spinning in the Interna- 
tional Clinical Centrifuge for 15 min and was 
placed in the refrigerator overnight. The ma- 
terial was kept under refrigeration during the 
preparation procedure. Antiserum prepara- 
tion: Six-month-old male albino rabbits were 
injected intramuscularly once weekly for 4 
weeks with the antigen preparation derived 
from 1 g of lactating mammary tissue. Four 
_ days after last injection, blood was with- 
- drawn from heart, allowed to clot overnight, 
and centrifuged to separate serum from the 
clot. At the same time, blood was collected 
from 2 rabbits which had not received any 
injections. Neutralization: Equal amounts of 
rabbit serum and saline were combined in 
test tubes with the virus preparation from 1 g 
of lactating mammary tissue in each 20 ml of 
final solution. They stood at room tempera- 
ture for 2 hours. Each mouse received .2 ml 
liquid intraperitoneally. Therefore, the total 
amount of virus preparation given to each 
test mouse was that derived from .01 g of lac- 
tating mammary tissue. The test animals were 
17 to 24-day-old BALB/c females, weaned at 
5 weeks and bred for 2 litters. The offspring 
were discarded within 24 hours after birth. 
All tumorous females were sacrificed. His- 


tologic sections were made of tumors taken 
from approximately 34 of tumor-bearing ani- 
mals. The experiment was terminated when 
tumor-free animals were 18 mos. old. 

Results are summarized in Table I. Test 
mice which received virus alone, or virus com- 
bined with normal rabbit serum, or virus com- 
bined with serum from rabbits previously in- 
jected with virus-free BALB/c tissue, devel- 
oped mammary tumors. Thus the injected 
dose of virus was sufficient to cause tumor de- 
velopment, and the viruses are not inhibited 
by normal rabbit serum nor by antisera 
against virus-free tissue. 

However, in experiments where the virus 
preparation was mixed with rabbit antiserum 
against a mammary tumor virus, tumor de- 
velopment did not occur (with 3 isolated ex- 
ceptions). Neutralization occurred regard- 
less of whether the antiserum had been pre- 
pared against the same or another virus, either 
a virus from a different strain of mice, or a 
virus from the same strain (different subline) 
but with a different effect upon tumor devel- 
opment. 

Bittner and his co-workers(3,5,6) using A, 
C3H, and (A x C3H) Fy mice have reported 
that the tissues of the donor mouse may have 
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a reversible effect upon ability of antisera to 
neutralize the virus. In the present experi- 
ment the source of the virus had no effect 
upon efficiency of the neutralization: antisera 
against A virus neutralized the A virus from 
both BALB/c mice and A mice, regardless of 
whether the virus preparations used in anti- 
sera production had been derived from A 
mice or BALB/c mice. 

In control groups a significantly earlier age 
of tumor development was found in the 
group of mice given A/3 virus, than in 
groups given A (in BALB/c or in A tissue) 
or C3H virus. This difference with regard to 
the A/3 and the A viruses will be discussed 
elsewhere. 

Summary. No antigenic differences were 
found when the mouse mammary tumor vi- 
ruses from 3 different strains or sublines (one 
in 2 different host strains) were compared, 
using the technic of in vitro virus neutraliza- 


ON TISSUE RESISTANCE 


tion with rabbit antisera followed by injection 
into susceptible virus-free test mice. Normal 
rabbit serum and antiserum against virus- 
free tissue did not neutralize the virus. Anti- 
serum against any of the viruses neutralized 
that virus and all others tested. Neutraliza- 
tion of the virus was not affected by the tissue 
source of the virus. 


1. Andervont, H. B., Bryan, W. R., J. Nat. Cancer 
Inst., 1944, v5, 143. 

2. Green, R. G., Moosey, M. M., Bittner, J. J., 
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3. Bittner, Ji. J. Imagawa, Dy i Cancers kes: 
1955, v15, 464. 

AS Blair. Pe Bas science, LOSS. val2i pollo: 

5. Bittner, J. J., Acta Unio Internat. c. Cancrum, 
1959, v15, 729. 

6. Bittner, J. J., Hirsch, H. M., Ross, J. D., Gabriel- 
son, R., Proc. Am. Assn. Cancer Res., 1959, v3, 7. 


Received November 9, 1959. P.S.E.B.M., 1960, v103. 


Experimental Preparation Showing Effect of Reserpine on Tissue 


Resistance.* 
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A. S. LrEonarp, W. O. GRIFFEN, JR. AND OWEN H. WANGENSTEEN 
Dept. of Surgery, University of Minnesota Medical School, Minneapolis 


Reserpine has been shown to be a potent 
agent in abetting ulcer diathesis both clini- 
cally and in the laboratory(1,2,3). The 
mechanism of acute ulcer production by reser- 
pine is not clearly understood, although it has 
been shown that intravenous injection of reser- 
pine causes a marked increase in HCl secre- 
tion in human patients(2) and also augments 
Heidenhain pouch secretion in the dog(3). 
Whether reserpine has any effect on tissue re- 
sistance, however, has not been clearly as- 
sessed. Susceptibility of cat’s esophagus to 
the erosive action of human gastric juice has 
been well documented in this laboratory (4). 
Using a modification of this technic, the peri- 
pheral effect of reserpine has been observed 
and is here reported. 


* Supported by U.S.P.H.S. Research Fund, Donald 
J. Cowling Fund for Surgical Research, Malignant 
Disease Research Fund, and Jay and Rose Phillips 
Fund for Surgical Research. 


Method. Adult mongrel cats were used. 
The animals were divided into 2 groups. In 
both groups, the animals were anesthetized 
with pentobarbital, 30 mg/kg, and positive 
pressure respiration was maintained auto- 
matically through a cervical tracheostomy. 
In Group I the cervical esophagus and gastric 
cardia were cannulated for outflow tracts. A 
lett thoracotomy through 7th interspace was 
achieved and the esophagus mobilized. A 
No. 26 T-tube with 34 cm “limbs” was in- 
serted through longitudinal incision in mid 
esophagus, each limb being secured in place 
‘by an umbilical tape. By alternate occlusion 
of the limbs of the T-tube, the upper or lower 
segments of the esophagus could be perfused 
separately. In Group II animals the entire 
esophagus was utilized for perfusion, with 
the perfusate being introduced through a can- 
nula in the cervical esophagus and drained at 
20 cm outflow pressure at the lower end of the 
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esophagus(5). The perfusate used through- 
out this experiment was human gastric juice 
collected on ice in the postoperative period 
from 11 p.m. to 7 a.m. from patients who had 
not undergone gastric surgery. The specimens 
were analyzd first for pH, free acid and pep- 
sin and were then acidulated to a pH of 1.6 
with 0.1 N HCl, providing an optimal range 
for peptic activity. The technic of perfusion 
in Group I cats was as follows: An overnight 
specimen was divided into 2 equal portions of 
at least 250 cc each. The control segment of 
the esophagus was perfused for 2 hours at a 
rate of 30 drops per minute with a constant 
outflow pressure of 20 cm. At the end of this 
time, the perfused portion of the esophagus 
was thoroughly irrigated with saline. Reser- 
pine, 0.5 mg, was given via the femoral vein. 
which had been exposed previously, and after 
a 2 hour period, the alternate segment of the 
sophagus was perfused for a period similar 
to the control by changing the position of the 
occluding clamp. The control and test por- 
tions were alternated to preclude the possi- 
bility of increased susceptibility of the ce- 
phalad or caudad segment of the esophagus. 
In the Group IT animals, the overnight speci- 
mens were also split into portions of at least 
250 cc each. The control cat was perfused for 
a 2 hour period with this gastric juice, and 
the test cat was perfused for a similar 2 hour 
period, after a 2 hour period to permit reac- 
tion of 0.5 mg of reserpine given intravenously 
through the femoral vein. At the conclusion 
of the perfusions, the animals were sacrificed 
and the esophagi were removed. The control 
and test sides were graded 0 to 5+ with refer- 
ence to the esophageal injury noted(5); 0, 


TABLE LI. Comparison of Digestion of Cat’s Esoph- 
agus between Control and Reserpine Treated Ani- 
mals. 


Group I (12 cats) Group IT (7 pairs) 


Grade of Reserpine Reserpine 
digestion Control treated Jontrol treated 

0) 5 0) 5 1 

Ilae 5 2 0) 1 

2+ i 3 a ] 

3+ 1 5 J 2 

4+ 0 0 0) 0) 

5+ 0 2 0 2 


1+ signifies mucosal reddening without injury ; 
5-{- denotes perforation. 
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FIG. 1. Tissue resistance preparation using the 
same cat’s esophagus as the control and test speci- 
men. 


representing no injury, 1+, representing 
slight mucosal reddening, and 5+, denoting 
perforation of the esophagus. 


Results. There were no perforations in the 
control animals of either Group I or Group II, 
whereas in the reserpine treated experiments 
there were 4 perforations (Table I). In 
Group I, 7 of the 12 segments of esophagi 
treated with reserpine demonstrated an in- 
jury of 3+ or greater as opposed to only 1 
of 12 in the control specimens, and indeed, 10 
of 12 specimens, or 83.3%, showed a signifi- 
cant increase of digestion of 2++ or more after 
reserpine administration. In the Group II 
animals, 4 of 7 cats treated with reserpine 
demonstrated an esophageal injury of 3+ or 
more as opposed to only 1 out of 7 of the 
control animals. In fact, 5 of the 7 or 71.4% 
of reserpine tested preparations demonstrated 
2+ or higher difference in digestion over the 
control group. 

Discussion. The results attending intra- 
venous administration of reserpine indicate a 
significant decrease in tissue resistance of cat’s 
esophagus perfused with human gastric juice. 
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FIG. 2. Perfused preparations representing Group 

I or divided cat esophagus. Specimen 4: control 

side grade 0 digestion; reserpine treated side grade 

1+. Specimen 5: control side grade 1+ diges- 

tion; reserpine treated side grade 3+. Specimen 6: 

control side grade 2+ digestion; reserpine treated 
side grade 5+. 


This is revealed in increased digestion ob- 
served in the divided esophageal perfusion as 
well as in experiments using a separate cat’s 
esophagus. 

The mechanism this decreased tissue resis- 
tance produced by reserpine remains obscure. 
Increased ACTH release through hypothala- 
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mic stimulation(6) with resultant corticoste- 
roid secretion may play a role in this increased 
tissue susceptibility. Serotonin release(7) 
and local factors such as vascular spasm or 
decreased blood flow because of hypotension 
may be important. These various possibili- 
ties are being investigated by use of this 
preparation. 

Summary and conclusion. The 1.V. admin- 
istration of reserpine lowers significantly the 
susceptibility of the intact cat’s esophagus 
to injury by digestive action of human gastric 
juice. 
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Familial Primary Amenorrhea Due to Testicular Feminization: A Human 


Gene Affecting Sex Differentiation.*t 


(25456) 


THEODORE T. Puck, ARTHUR ROBINSON AND J. H. Tyro 
Dept. of Biophysics, Florence R. Sabin Labs., University of Colorado Medical Center, Denver 


The chromosomal constitution of individ- 
uals suffering from gonadal dysgenesis (Tur- 
ner’s syndrome) has been demonstrated to 
consist of only 45 chromosomes, the auto- 
somes of which were normal in number and 
morphology, but the sex chromosome condi- 
tion being XO(1,2). Such patients do not 
undergo ordinary developmental changes of 
puberty, but remain essentially sexually infan- 
tile females. The Barr Test for nuclear chro- 
matin, which when positive indicates existence 


* This work was supported by grants from Nat. 
Fn. and the Commonwealth Fund. 
+ Contribution No. 94. 


of at least 2 X chromosomes, is negative. 
Chromosomal delineation of the somatic cells 
of these patients demonstrated that in man, 
the Y chromosome contains genes necessary 
for development of male. characteristics, a 
situation unlike that of Drosophila, but simi- 
lar to that in the mouse(3). Another patient 
with clinical diagnosis of female pseudoherma- 
phroditism was studied(2) and reported to 
display cytologically normal female (XX) 
chromosomes. Hungerford, e¢ al. reported a 
case of true hermaphroditism(4) to have dis- 
played an XX chromosomal condition. The 
present report deals with another female pa- 
tient, exhibiting primary amenorrhea asso- 
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ciated with testicular feminization (male 
pseudohermaphroditism). This condition is 
of especial interest because, while it resembles 
gonadal dysgenesis in some features, it differs 
markedly in others, among these being the 
presence of a strong hereditary component. 
The genetic basis of a condition clinically like 
this has been discussed but not resolved(5a, 
6a,6b). A detailed clinical report of this 25- 
year-old woman will be presented elsewhere. 
The diagnosis appeared unequivocal and was 
based, among other findings, on female exter- 
nal genitalia, well developed breasts and femi- 
nine habitus, primary amenorrhea, negative 
Barr Test for nuclear chromatin, a normal 
urinary excretion of follicle stimulating hor- 
mone and 17-keto steroids, and a pedigree in- 
dicating transmission of the defect only 
through the maternal line. 

Methods. Samples of skin were obtained, 
and the cells cultivated and examined for 
chromosomal morphology, by standard meth- 
ods previously described(7,2). The one modi- 
fication over previous procedures consisted 
in sampling an area of healing superficial skin 
lesion instead of normal skin, a substitution 


which appears to shorten the time needed to 


establish a stably growing culture. A piece 
of skin from the back of the neck or behind 
the ear is anesthetized with dichloro-tetra- 
fluoro-ethane (Frigiderm, W. T. Brachvogel, 
Los Angeles, Calif.), then abraded over an 
area 1 x 0.1 cm, to depth just sufficient to 
reach the dermis by means of a Dermabrasion 
instrument (Mill-Bilt Equipment Co., N. Y.). 
The abraded area is covered with a Bandaid, 
and allowed to develop a scab. Seventy-two 
hours after the abrasion, the scab is washed 
in 70% alcohol, dried, lifted off aseptically 
with forceps and deposited in Petri dish con- 
taining nutrient solution, fortified with tested 
human cord serum, as previously described 
(7a). The scab, which may weigh about 5 
mg, is cut in about 10 pieces with sterile scis- 
sors, the medium becomes cloudy with de- 
tached cells. The dish is incubated, with reg- 
ular medium changes as previously described, 
in incubator at 37°C, containing 5% COy in 
air almost saturated with water, with tempera- 
ture and gas composition carefully regulated. 
In about 7 days the cells multiplied when they 


may be trypsinized, and re-seeded into new 
vessels. The cultures so obtained, like others 
described by us(7a), grow with a generation 
time of approximately 20 hours, and maintain 
stable chromosomal constitution throughout 
production of virtually unlimited numbers of 
progeny, so long as the specified conditions 
are maintained. The healing wound forms a 
new scab after the first one is removed. This 
may be re-sampled if necessary. No scar re- 
sults from this procedure. 

Results. Typical chromosomal complements 
from cells of our patient are shown in Fig. 1. 
There are 46 members. Ideograms from 10 
different mitoses have been prepared by ar- 
ranging chromosomes in accordance with the 
standard classification scheme of Tjio and 
Puck(8). A typical example is shown in Fig. 
2. It is evident that the autosomes are nor- 
mal but the sex chromosomal constitution is 
XY, rather than female, XX. In examina- 
tion of more than 100 mitoses, the chromo- 
some number of 46 was uniformly obtained 
except in 4 cells, 2 of which had 44 and 2 of 
which had 45 chromosomes, the supposition 
being that these represented chromosome 
losses occurring during fixation. The Y 
chromosome was always clearly identifiable. 

In our patient, the only pedigree data so far 
available consist in written reports supplied 
by the patient and her mother. Efforts are 
being made to study other members of the 
family, who are widely distributed. Against 
the time when these additional data can be 
obtained directly, a preliminary summary is 
furnished here of the familial history, which 
seems justified, in view of the unusual intelli- 
gence and cooperativeness of the patient and 
her mother, and the ease with which the con- 
dition of primary amenorrhea can be recog- 
nized. The data indicate that primary 
amenorrhea has occurred in some females of 
every generation in 4 consecutive generations. 
The number of apparent females outnumbers 
the males by approximately 3 to 1. The con- 
dition has been transmitted exclusively in the 
maternal line, typical of this form of primary 
amenorrhea(5a). Hence, a defect on the Y 
chromosome as the causative factor of this 
condition is ruled out. No known consan- 
guinity has occurred in the family through- 
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FIG. 1. Typical chromosomal complements of this patient’s cells grown in tissue culture as 


deseribed. 


out these 4 generations. Of particular im- 
portance is the fact that the patient’s mother, 
maternal grandmother, and two maternal cou- 
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FIG. 2. Ideogram of chromosomes of the patient 
here described, showing the typical male chromo- 


somal pattern. 


sins, have all borne children, but did not ini- 
tiate menses until ages of 19 to 21. This de- 
layed menarche in families of patients like 
that described here has been rarely recorded, 
although it is mentioned in one member of a 
family studied by Pettersson and Bonnier (6). 


The nature of the primary genetic lesion in 
cases exhibiting a condition clinically like the 
present one has been reviewed(5a). The 
genetic evidence has been carefully weighed 
and the conclusion reached that these individ- 
uals have an XY chromosomal condition with 
a defective gene, which could be either a sex- 
linked recessive or a sex-limited autosomal 
dominant; a smaller alternative probability 
was judged to exist that the XXY condition 
or some other chromosomal anomaly is the 
causative factor (5a). 


The chromosomal constitution of this pa- 
tient rules out the XXY possibility. An 
XY/46 chromosomal constitution has also 
been ascribed to a patient of this type by Chu 
and Giles(Sb), and to 4 other patients with 
presumably the same condition, reported by 
Lennox(5c). It has also been described by 
Severinghaus(5d) in a male pseudoherma- 
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phrodite of somewhat more male type than 
the present patient. While the detailed chro- 
mosomal constitutions and clinical findings in 
the cases of Lennox and of Chu and Giles 
have not yet been presented, the concordance 
of these results as well as the genetic data pre- 
viously available makes it at least a reason- 
able presumption that the disease condition 
here considered is fairly regularly associated 
with the given chromosomal constitution. 
Moreover, similarities in findings in all these 
cases also make it very unlikely that the chro- 
mosome here described as a Y is in reality a 
portion of a fragmented X. 

To decide whether the genetic defect is car- 
ried on the X chromosome, or whether it is 
autosomal but is never transmitted through 
the male line because of its sterilizing influ- 
ence on male carriers, data are needed from 
families containing this defect along with 
known markers, especially sex-linked ones like 
color blindness or hemophilia as Grumbach 
and Barr have noted(5a). Evidence with some 
bearing on this question is available from 
a recently reported case of hemophilia in a 
“oirl” baby with a 46/XY chromosomal con- 
stitution(9). While that child was too young 
for the decision to be made as to whether her 
condition was unequivocally classifiable as 
pseudohermaphroditism with feminizing tes- 
tes, it seems highly likely, in view of the cor- 
respondence obtained between clinical diag- 
nosis and chromosomal constitution in all 
other studies so far available in such patients. 
Moreover, the maternal pedigree presented for 
that child indicates a very high preponderance 
of females, as would be expected in this con- 
dition. 

On this assumption, and assuming further 
the absence of other complicating factors, one 
can examine the distribution of both these 
defects in that family: If the sex-differentia- 
tion defect were on the X chromosome and 
closely linked to the hemophilia gene, it could 
be present either on the same X chromosome 
as the latter, or on the other X chromosome. 
In the former case, the sex differentiation de- 
fect would virtually always accompany the 
sex-linked defect in the chromosomal males. 
In the latter, the 2 defects would not appear 
in the same XY individual. Thus, it would 
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not be possible to find 2 siblings, both with the 
XY constitution, both exhibiting the hemo- 
philia defect, but only one of which possessed 
the sex differentiation defect here considered. 
But in the pedigree of the patient reported in 
data of Nillson et al.(9), a sexually normal 
male and the pseudohermaphroditic patient 
appear in the same set of siblings, both ex- 
hibiting the hemophilia condition. Therefore, 
the conclusion may be drawn, subject to the 
uncertainties noted, that the sex differentia- 
tion gene in this case is autosomal, or else, if 
sex-linked, is so far distant from the hemo- 
philia gene as to permit crossing over with 
high probability. It cannot be assumed, how- 
ever, from the clinical resemblance between 2 
independently arisen hereditary conditions, 
that they have been caused by a mutation at 
the same locus, no matter in how many details 
their syndromes agree. 

Accumulation of additional pedigrees of 
cases Clinically like our present one, involving 
at the same time differences in other marker 
genes, should eventually permit a determina- 
tion of whether the genetic basis of the condi- 
tion in question is uniform, and if so, whether 
it is present on the X chromosome or on a 
given autosome; or whether the condition rep- 
resents a genetically heterogeneous class of 
cases, the mutant genes for which may be at 
any one of a number of sites, like those caus- 
ing intersexuality in Drosophila and those 
causing the waltzer or shaker syndrome in 
mice(10). 

In Turner’s syndrome the XO condition is 
present and menses, plus other aspects of 
normal female development, fail to occur. 
While the condition of such an XO patient in- 
dicated that genes on the Y chromosome are 
necessary for development of maleness, data 
from the kind of patients here considered in- 
dicate that these are not sufficient for full ex- 
pression of male character. The gene re- 
sponsible for the condition of pseudoherma- 
phroditism with feminizing testes in XY in- 
dividuals like our patient appears to exercise 
an important influence on development in 
both sexes: in the heterozygous condition in 
an XX individual, it appears capable of de- 
laying menarche for about 8 years. When 
present with an XY chromosomal constitu- 
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tion, however, it prevents expression of male- 
ness, producing an essentially female condi- 
tion, but without reproductive function. 

After this paper was submitted, Jacobs et al.(11) 
described bone marrow cell analysis from 4 patients 
with testicular feminization, all of whom had a 
46/XY chromosomal constitution. Thus the correla- 
tion between XY sex chromosomes in females and 
the condition of testicular feminization is strength- 
ened. Moreover, in one of these cases, as in the case 
of hemophilia discussed by us, a color blind male pseu- 
dohermaphrodite and a colcr blind normal male oc- 
curred in the same set of siblings. Therefore, since 
the gene responsible for testicular feminization is not 
closely linked to either of 2 different sex-linked genes, 
its autosomal location becomes highly probable. 

Summary. A female patient with “male 
pseudohermaphroditism with feminizing tes- 
tes” had a 46/XY chromosomal constitution, 
a fact confirming clinical and genetic deduc- 
tions drawn by previous investigators largely 
on the basis of pedigree data, and in accord 
with recent brief reports on the chromosome 
condition in other such patients. A detailed 
chromosomal analysis is provided. Some pre- 
vious cases having similar clinical manifes- 
tations had been recognized by previous work- 
ers as being caused either by an autosomal 
dominant or a sex-linked recessive genetic de- 
fect. Analysis of pedigrees from similar cases 
demonstrates the causative gene defect to be 
not strongly linked to either of 2 sex-linked 
genes, hemophilia and color blindness. Hence 
it is probably autosomal. Of particular 
importance is the finding that in the family 
of our patient, all female transmitters of 
the defect for whom data were available 
exhibited a delayed menarche of approxi- 
mately 8 years. This situation has been 
rarely noted previously, and requires study 
as to its universal accompaniment of this 


SUMMATION OF PROTEIN ANABOLIC EFFECTS 


condition. It is evident that in the pres- 
ent case the presence of this gene in hetero- 
zygous condition in an XX individual causes 
a delay of menarche, while in an XY individ- 
ual it results in suppression of the male char- 
acteristics and a partial development of fe- 
male traits. It is pointed out that more than 
one gene locus might be able to produce clini- 
cal effects like those here described. Study of 
the action of such genes appears highly impor- 
tant to problems of human development. 
Grateful acknowledgement is made to Dr. H. J. 


Muller for discussion of problems considered in this 
communication, 
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Summation of Protein Anabolic Effects of Testosterone Propionate and 


Growth Hormone.* 


(25457) 


CHARLES D. Kocuaxt1ant 
University of Alabama Medical Center, Birmingham 


Simultaneous administration of testoster- 
one propionate and a growth hormone prepa- 
ration at their respective maximum effective 


* These studies were aided by research grants from 
Nat. Inst. of Arthritis and Metab. Dis. and Nat. 
Cancer Inst., P.H.S. 
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TABLE I. Summation of Proteim-Anabolic Effects of Growth Hormone (GH) and Testosterone Propio- 


nace (eas 
——— - Nitrogen retention ——————, 
Treatment Maximum* Total Max inerease body wt 

Rats, GH, TP, Cel AMP) Celso Wedel Miles nals = ube GH TP GH-+ TP 
No./group u/day mg/day ———meg/day co mg ss aw g ~ 

4 Teal 5 14 60 70 273 1050t 1239+ +4 +16 +21 

4 ileal a) 27 59 68 491 869 987 +11 +16 Eo 

3 2.2 a) 84 122 853 1455 +14 +23 


* Avg of second, third and fourth periods (7 days) when nitrogen retention was at maximum. 


t Retention was more prolonged. 


doses to castrated mice resulted in a summa- 
tion of their respective effects on body weight 
and protein deposition(1). These studies 
have been extended to nitrogen balance stud- 
ies in adult castrated rats. 

Procedure. The rats (Sprague-Dawley) 
were maintained in individual metal metabo- 
lism cages in air-conditioned room at 25.5- 
26.6° and with artificial light regulated at 12 
hr/day. They were fed the previously de- 
scribed diet(2) in an amount that would 
maintain body weight and constant urinary 
nitrogen excretion. Some rats had been used 
in another similar experiment. They were 
approximately 1.5 years old at beginning of 
the first of these studies. Body weights were 
320-480 g and nitrogen intakes were 291-388 
mg/day. The rats were grouped to give a 
uniform distribution of both body weight and 
urinary nitrogen excretion. Growth hormone? 
and testosterone propionate’ were injected 
subcutaneously at the same time each day. 
The dose of testosterone propionate was 
known from previous studies(2) to produce a 
maximal protein anabolic effect. The initial 
dose (Exps. 1 and 2, Table I) of growth hor- 
mone also was expected to give a maximal re- 
sponse but the preparation proved to be less 
active than the previous material(3). Rou- 
tine of feeding, urine collection and analysis 
was the same as previously described (2). 

Results. Body weight. The androgen pro- 
duced the expected maximal response in body 
weight(2). Simultaneous administration of 


+ Experimental work was performed at Oklahoma 
Med. Research Fn. with technical assistance of Sarah 
McConnell. 

t Growth hormone was provided by Parke, Davis 
and Co. 

§ Testosterone propionate was provided as peran- 
dren, 10 mg/ml by Ciba Pharmaceutical Products. 


growth hormone resulted in a summation of 
the effect of two hormones on body weight. 


Degree of summation was almost complete 


in the 2 experiments with the lower dose of 
growth hormone but was less than the sum at 
the higher dose level. 


Nitrogen metabolism. The growth hor- 
mone at both dose levels produced a further 
increase in nitrogen retention both at maximal 
level and total amount. Summation of the 
effects of the 2 hormones was nearly complete 
in the first and third experiment but was inter- 
mediate in the second experiment. 

Discussion. Ability of growth hormone to 
superimpose its protein-anabolic action on the 
maximal effect of testosterone propionate is in 
agreement with studies in mice. These data 
provide further support to the independent 
protein anabolic action of androgens and 
growth hormone(3,4). The action of these 
hormones not only is specific for certain tis- 
sues but very likely they stimulate synthesis 
of protein in the same tissue, e.g., muscle, for 
different functions. These hormones, thus, 
function in a supplementary manner in growth 
and development of the various tissues of the 
body. ) 

Summary. Simultaneous administration of 
testosterone propionate and growth hormone 
to castrated rats resulted in a summation of 
their respective effects on body weight and 
nitrogen retention even at maximal doses. 
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‘Role of Microbial Fermentation in Improvement of Barley by 


Water Treatment.*t 


(25458) 


J. M. THomas, L. S. JENSEN, K. C. LEoNG anp J. McGInnis 
Washington State University, Pullman 


Fry et al.(1) showed that the nutritional 
value of barley for chicks was improved by a 
simple water treatment. Similar results were 
obtained by other workers(2,3,4). Since 
studies on the mechanism(s) involved in im- 
provement were not reported, experiments 
were conducted to investigate the role of mi- 
crobial action. 


Methods. Microbial counts on samples of 
ground barley treated in different ways were 
made to correlate improvement in nutritional 
value with microbial growth. Two treated 
samples were taken from the drying oven in 
sterile 250 ml Erlenmeyer flasks containing 
glass beads. The flasks were shaken 2 hours to 
grind large aggregates to fine particles. Serial 
dilutions were made of weighed samples and 
bacterial counts determined, using tryptone- 
glucose extract agar and incubating 41 hours 
at 37°C. No attempt was made to enumerate 
fungi. Since Kent-Jones and Amos(5) found 
B. subtilis and B. mesentericus common in- 
habitants of wheat flour, B. subtilis (ATCC 
9943) and an unidentified, spore-forming, 
Gram positive rod isolated from our feed 
preparation area, were used to inoculate bar- 
ley in 2 experiments. Treatments involving 
addition of water to grain consisted of adding 
1% parts liquid (50°C) to 1 part coarsely 
ground grain, mixing, spreading approxi- 
mately /2” deep on trays, and drying in a 
forced draft oven for 24 hours at 70°C. The 
treated grain was reground through a 1%” 
screen and mixed in the diets. Wet barley 
was autoclaved in trays (Tables I and III), 
or metal 30 lb egg cans (Table II) to facili- 
tate sterilization. Hot sterilized barley in cans 
was inoculated with culture material, asepti- 
cally mixed, sealed, stood 4 hours at room 


* Scientific Paper No. 1902, Washington Agri. Exp. 
Stations, Pullman. Project No. 1291. 

+ Portions of these data presented at 48th Annual 
Meeting Poultry Sci. Assn., Iowa State University, 
Ames. 


TABLE I. Effect of Various Treatments of Bar- 
ley on Microbial Count and Chick Growth. 


Avgwt Organism 

Diet 2wk(g) xX 10°/g 
Barley 90 2 
Sterilized* barley 116 5 
Water-treated barley 122 94 
Sterilized* (dried), water-treated 122 154 
ts inoc. fungal amylase 126 177 


(4.4 g/kilo) 


* Autoclaved 10 p.s.i., % hr. 


temperature, spread on trays, and placed in 
drying oven. Two 20-hr nutrient agar cul- 
tures were swirled separately for 2 minutes 
with 50 ml 0.5% peptone water each; both 
were added to barley as the inoculum. Barley 
autoclaved in trays was removed and dried 
immediately in the oven. The large inoculum 
added directly to dry barley diets was 2 sepa- 
rately grown 200 ml, 36-hr nutrient broth cul- 
tures; the small inoculum was one 100 ml cul- 
ture. Fungal enzyme? (fungal amylase) was 
used as positive control, since our previous 
work has shown it improves the nutritional 
value of dry barley diets(6). Day-old New 
Hampshire Chicks of both sexes were ran- 
domly distributed into groups of 10 birds each, 


TABLE II. Effect of Bacterial Additions to Ster- 
ile Barley on Chick Growth and Feed Efficiency. 
e=—=»=$@omqoOa—oO0VC5OOaOeeeeEeEE eee 


Drying Feed 


temp. Avg wt 


Barley treatment (°C) 2wk(g)§ gain 
None 84 2.24 
Sterilized, || inoculated*t 95 84 2.13 

Z t|I 70 93 2.05 
Cerri a: t 70 112 1.74 
ie tll ‘i i 70 113 1.78 
Fungal amylase (4.4 g/kilo) 108 1.85 
Water-treatment 70 110 (at 


* Unidentified organism. 

t B. subtilis (ATCC-9943). 

t No standing period. 

§ Treatments within a common bracket are not 
significantly different from each other. Treatments 
without a common bracket are statistically signifi- 
cant at the (P <.01) level. 

|| Autoclaved 15 p.s.i., 34 hr. 


t Merck Sharp and Dohme, Rahway, N. J. 
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TABLE III. Effect of Adding Whole Bacterial 
Cultures to Dry Barley Diets and Autoclaving 
Water-Treated Barley on Chick Growth and Feed 


Efficiency. 
Feed 
AEA <= 
Barley treatment or addition 2wk(g)* gain 
400 ml media 108 2.18 
None 109 2.05 
100 ml culture 116 1.98 
400 ” a 125 1.96 
Fungal amylase (4.4 g/k), 130 1.88 
400 ml culture 
Water-treated barley 131 1.70 
Fungal amylase (4.4 ¢/k) 134 1.78 
Water-treated (dried), steri- 134 1.76 
lized (125% H.O),t dried 
95°C 
Water-treated (dried), steri- | 135 1.79 
lized (25% H,O),t air dried 
Water-treated, 400 ml culture tisha 1.74 


* Treatments within a common bracket are not 
significantly different from each other. Treatments 
without a common bracket are statistically signifi- 
cant at the (P <.05) level. 

+ Autoclaved 15 p.s.i., % hr. 
barley contains 4% moisture. 


Dry water-treated 


3 replicates/diet, and placed in electrically- 
heated batteries with raised wire floors. Con- 
tinuous lighting was provided and feed and 
water supplied ad lib. A basal diet of follow- 
ing percentage composition was used: 63.5 
barley, 25.5 dehulled soybean oil meal, 5 her- 
ring fish meal, 1.75 dicalcium phosphate, 1.15 
limestone, .3 salt, .11 DL-methionine, .025 
manganese sulfate, and a vitamin mix sup- 
plying 2650 I.U. Vit. A, 660 I.C.U. Vit. D, 11 
L.U. Vit. E, 8.8 mg riboflavin, 10 mg panto- 
thenic acid, 33.2 mg niacin, .66 mg folic acid, 
884 mg choline chloride, and 22 mg procaine 
penicillin/kilo diet. Experimental data from 
Tables II and III were statistically analyzed, 
using Duncan’s(7) Multiple F Test. 

Results. Microbial counts markedly in- 
creased when barley was water-treated, steri- 
lized (dried) and water-treated, or sterilized 
and supplemented (inoculated) with fungal 
amylase (Table I). Average weight of chicks 
fed diets containing these barley samples cor- 
relates positively with count data. The rela- 
tively large counts obtained would not be pre- 
dicted since an oven temperature of 70°C was 
employed. Perhaps microbial growth occurred 
because evaporative loss of moisture from bar- 
ley lowered the internal temperature of the 
wet grain to less than 70°C during the first 


few hours of drying. The sterilized barley 
was probably contaminated during transfer 
from autoclave to drying oven, since no pre- 
cautions were taken to prevent contamination. 
The fungal amylase supplement added to 
sterilized barley was not a sterile product and 
greatly increased counts. 


When an inoculum of peptone washed cul- 
ture (100 ml — 2 10° organisms ml) con- 
taining either B. subtilis (ATCC 9943) or the 
unidentified organism was added to sterile 
barley and allowed to stand 4 hours prior to 
drying (Table II), chick growth and feed 
utilization were significantly (P<.01) im- 
proved. Improvement of barley by inocula- 
tion with either organism was comparable to 
that of water-treating barley or enzyme sup- 
plementation. Since inoculum was added to 
extremely hot barley, growth of microorgan- 
isms was possibly the result of germination of 
spores. Addition of the unknown organism to 
sterile (wet-autoclaved) barley which was 
subsequently dried at 95°C did not improve 
growth. 

Possibly the organisms used contributed 
enzyme(s) to the barley which in some man- 
ner acted to improve its nutritional value. A 
proteolytic enzyme has been crystallized from 
cultures of B. subtilis(8) which is partially 
effective in improving growth of birds fed bar- 
ley(9). This improvement may occur during 
water-treatment since the unknown organism 
was isolated from barley itself. 

Addition of a small (100 ml—2 x 10" or- 
ganisms/ml) culture of the unidentified or- 
ganism directly to dry barley. diet, improved 
growth and feed efficiency (Table HI). A 
significant (P<.05) growth response, similar 
in magnitude to that obtained with dry fun- 
gal amylase, was obtained when a large (400 
ml—2 107 organisms/ml) culture was add- 
ed. When dry diets containing water-treated 
barley or fungal enzyme were inoculated with 
the unknown organism, no significant im- 
provement in growth was obtained. Auto- 
claving previously water-treated and dried 
barley in the presence of 25 or 125% added 
moisture did not lower its nutritional value for 
chicks. The nutritional value was not re- 
duced by autoclaving. Therefore, it appears 
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that barley was improved prior to incorpora- 
tion in the diet and improvement did not de- 
pend on microbially produced enzymes acting 
in the digestive tract of the chick. 


Only 100 ml of 20-hr peptone washed cul- 
ture significantly (P<.01) improved the nu- 
tritional value of sterile barley in Exp. 2 (Ta- 
ble II). Thus, it is highly probable that 
microorganisms grew in wet barley, perhaps 
producing enzymes, which could have acted on 
the barley substrate during drying. Exp. 3 
(Table III) showed that 400 ml of nutrient 
broth culture gave a significant (P<.05) 
growth response, presumably a result of en- 
zymes produced during incubation of the 
stock cultures. 

The data demonstrate that microbial fer- 
mentation is effective in improvement of bar- 
ley by water-treatment. This, however, does 
not eliminate the possibility that enzymes en- 
dogenous to barley may also play a role in 
improving the nutritional value of this grain 
by water-treatment. Both phenomena could 
conceivably take place simultaneously. 

Summary. Water-treated barley taken from 
drying oven contained many more bacteria 
than untreated barley, even though drying 
temperature was 70°C. The nutritional value 
of sterilized barley inoculated with Gram-posi- 
tive rod isolated from dust, or with B. subtilis 
(ATCC 9943) and dried at 70°C was highly 
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significantly improved. Large inoculations of 
the organism isolated and grown in nutrient 
broth elicited a significant growth response. 
This response was not as great as that ob- 
tained by water-treatment or addition of fun- 
gal enzyme to the feed. Autoclaving did not 
lower nutritional value of water-treated bar- 
ley. This fact indicates that the change(s) 
responsible for improvement was effected 
prior to feeding and was not due to presence 
of an enzyme(s) produced during treatment 
process that later acts on barley in the diges- 
tive tract of the chick. 
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Antibody Response to Influenza Vaccines Combined with Hexadecylamine. 


(25459) 


ALLEN F. Woopuour, KritH E. JENSEN AND JoEL WARREN 
Biologics Research Dept., Chas. Pfizer & Co., Terre Haute, Ind. 


Certain lipids, including cholesterol, pal- 
mitic acid, stearic acid, and longer aliphatic 
amines, such as hexadecylamine (HDA) have 
been shown by Youngner and Noll to possess 
an affinity for several myxoviruses(1,2,3). 
Such virus-lipid complexes increase antigeni- 
city, in an as yet unknown manner, to a level 
greater than that of equal amount of virus 
alone. This reaction is also notable in that 
large amounts of viral antigen can be ad- 


sorbed to a given quantity of HDA(3). These 
observations have an immediate bearing on 
the problem of enhanced potency of influenza 
vaccines. In an earlier study we reported 
preliminary observations on cholesterol con- 
taining vaccines(2). The following report 
describes the responses of man and animals to 
formalin-inactivated influenza viruses mixed 
with hexadecylamine, since, in comparative 
adsorption experiments, this compound ex- 
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hibited high affinity for a wide range of influ- 
enza strains. 

Materials and methods. Hexadecylamine, 
(CH2(CHz2)i;NH2) technical grade, was ob- 
tained from Eastman Kodak Co., Rochester, 
N. Y., as a waxy, white solid, insoluble in 
aqueous solutions. After thorough grinding 
with mortar and pestle and subsequent sifting 
through triple layers of surgical gauze, slur- 
ries were prepared by slowly adding influenza 
vaccines to finely ground lipid and further 
grinding the combination until a fine suspen- 
sion resulted. Since HDA separates from 
suspension, it was necessary to agitate the 
preparation just before use to ensure homo- 
geneity. Polyvalent influenza vaccines em- 
ployed were 4-strain “civilian” (Pfizer lot 
#80431) and 6-strain “military” (Pfizer lot 
#88305) formulae containing 500 and 1000 
CCA (chick cell agglutinating units) /ml, re- 
spectively. 

Results. SODA in concentrations greater 
than 5 mg/ml was irritating when injected 
subcutaneously into guinea pigs. Therefore, 
to determine minimal amount of lipid that 
would enhance vaccine potency, varying 
amounts of HDA from 5 mg/ml to .1 mg/ml 
were combined with constant amount of 4- 
strain influenza vaccine and guinea pigs were 
injected with 1 ml of the mixture by intra- 
muscular route. Animals were bled at 2, 4, 
and 8 weeks thereafter and sera assayed for 
hemagglutination-inhibition (HI) antibody 
titers using periodate and trypsin to destroy 
non-specific inhibitors. Levels were deter- 
mined for all 4 strains in the vaccine, but only 
those for B/GL strain are illustrated as typi- 
cal in Fig. 1. Vaccine mixed with .5 mg/ml 
or more HDA elicited higher geometric mean 
titers than found with control vaccine. 

Toxicity of HDA was studied in mice, 
guinea pigs, monkeys, and subsequently in 
man. Although injection of 1 mg/ml in 
guinea pigs resulted in focal deposit of HDA 
which persisted for several weeks, lesser 
amounts were tolerated with no gross reaction. 
Histological examination of site of subcutane- 
ous injection in guinea pigs and monkeys at 
intervals to 4 weeks revealed a transient in- 
flammatory reaction of only slightly greater 


intensity than resulted from injection of in- 
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fluenza vaccine alone. After 21 days, the 
site of injection was difficult to find and fibro- 
sis or abscess formation has never been ob- 
served in several hundred guinea pigs. 

Toxicity studies in man were begun by in- 
jecting HDA subcutaneously or intramuscu- 
larly at 48-hour intervals using following in- 
creasing dosages: .01, .02, .05, .10 and .50 mg. 
Thus, each of 20 volunteers received a total 
of .68 mg. The material was well tolerated 
with no local or systemic reaction.* In fur- 
ther human trials, none of 60 men injected 
with .5 mg/ml alone or mixed with influenza 
vaccine exhibited any local or generalized ill 
effects or manifested any increased sensitiv- 
ity to egg protein when given a repeated dose 
of vaccine after a 90-day interval. 

To determine adjuvant action with a wider 
variety of influenza strains, HDA was incor- 
porated into a 6-strain vaccine in concentra- 
tion of .5 mg/ml. Fig. 2 illustrates geometric 
mean titers in sera from groups of 20 guinea 
pigs vaccinated intramuscularly with this 
preparation and assayed for HI antibody at 
bi-weekly intervals to 8 weeks. With the PR 
301 and PR8 antigens, peak titer was reached 
in 2 weeks contrasting with results obtained 
when measuring with the Asian and 2 B 
strains, where maximal titers were not ob- 
tained until after 4 weeks. The response to 
swine antigen was particularly disappointing, 
even though the vaccine contained 100 CCA 
units, a concentration shown to be satisfactory 
in eliciting antibody in the mouse potency as- 
say for this biologic. Therefore, for reasons 
unknown at present, the swine component ap- 
peared to be a poor antigen in guinea pigs. 

Influenza vaccine containing HDA not only 
elicited higher antibody titers than control 
vaccine but did so within a relatively short 
period of time. The elevated level did not 
persist, although titers in the test group were 
higher than controls for at least 8 weeks. 
Similar results have been obtained repeatedly 
in other experiments utilizing 4-strain vaccine. 
Typical data are summarized in Fig. 3 where 
guinea pigs were again the test species. Geo- 
metric mean titers found with 4 strains were 
cumulatively plotted so that a clearer com- 


* We thank Dr. D. Iezzoni, Clinica] Research Dept., 
Chas. Pfizer and Co., who conducted this study. 
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FIG. 1. Guinea pig responses to B/GL strain in combination with various amounts of hexa- 
decylamine. 


FIG. 2. Guinea pig antibody responses to 1000 CCA six strain influenza vaccine with or with- 
out hexadecylamine. 


FIG. 3. Guinea pig combined antibody response to 500 CCA four strain influenza vaccines. 


parison of the over-all response to a vaccine 4-fold greater than control vaccine at each 
with and without added HDA could be ob- _ bleeding interval. 


tained. The average titers of animals receiv- In experiments cited thus far, HDA was 
ing HDA adjuvanted biologic remain 3- to added directly to influenza vaccines, and the 
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TABLE I. Guinea Pig Antibody Titers Following 
Injection of Monovalent Influenza Vaccines Ad- 
sorbed to Hexadeeylamine. 


Wk post- 
HA, Prepara- Cone. vaccination 
Type units/ml tion HDA/mg 2 4 7 
Swine 639 HDA 5 23* 93 59 
ee Ct 0 1 9 6 
148 HDA il 2) 2 6 
2 C 0 2 2 2 
30 HDA .02 1 U ] 
+ C .00 1 1 2 
6 HDA 004 1 i 1 
4 C 00 1 J 1 
B/GL 494 HDA 5 69. 87 64 
< C 0 14 7 8 
99 HDA 1 IOs AIRS 
4 C 0 3 3 4 
20 HDA .02 1 1 3 
: C 00 3 2 3 
4 HDA 004 1 il 2 
%, C .000 1 1 1 
Asian 890 HDA 5 24 160 50 
4 C 0 WG 2) Bal 
178 HDA il Wy ALI 
B C 0 2 5 2 
37 HDA .02 1 6 2 
5 C .00 3 8 9 
8 HDA .004 1 4 il 
2 C 000 1 7 2 


* Reciprocal of geometric mean titer. 
+ C = Control. 


actual amount of virus bound to the amine 
was not determined. To ascertain whether 
vaccine with only HDA-bound antigen might 
be superior, HDA was saturated with inacti- 
vated monovalent influenza concentrates and 
the hemagglutinating (HA) units/ml of ad- 
sorbed virus calculated. Vaccines were then 
diluted so that 1. ml contained .5, .1, .02, and 
.004 mg/ml HDA. Such dilution also re- 
duced the number of hemagglutinating units 
by 5-fold increments. Comparable control 
vaccines without HDA were also prepared. 
Guinea pigs were injected intramuscularly 
with 1 ml of a given preparation, bled at inter- 
vals of 2, 4, and 7 weeks and sera assayed for 
HI antibody titer. Data for swine, B/GL, 
and Asian strains are presented in Table I. 
Addition of HDA to monovalent influenza 
vaccines in concentrations of .1 mg/ml or 
greater enhanced potency, while below that 
level adjuvant action was not obtained. Thus, 
it is clear that injection of 600 HA units 
firmly bound to HDA provided a pronounced 
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adjuvant effect, even with the swine strain, a 
virus which had given poor results in previ- 
ous experiments. It appears that when HDA- 
bound antigen is used as vaccine, a more 
striking enhancement occurs than with injec- 
tion of mixtures of lipid-adsorbed and free 
virus antigens. 


Results of studies in human volunteers 
with a single one ml subcutaneous injection of 
commercial 4-strain influenza vaccine to 
which .5 mg/ml HDA was added are pre- 
sented in Fig. 4. The distribution of anti- 
body titers against the vaccine strains is 
shown for groups of 20 adult males with serum 
specimens obtained pre-vaccination, and at 
intervals of 2 and 4 weeks post-vaccination. 
The dots indicate subjects who received con- 
trol vaccine and crosses are for those who 
were given vaccine with HDA. At 2 weeks, a 
slight enhancement of titer was observed with 
the Asian component, less with the PR301, 
none with PR8 and B/GL strains. A similar 
relationship held at 4-week bleeding interval. 
In light of the results obtained in animal 
trials, this pattern of human response was 
totally unexpected. The same vaccine prepa- 
ration was, therefore, retested in guinea pigs 
and sera assayed at similar bleeding intervals. 
As in previous experiments with this animal 
host, a pronounced adjuvant effect was again 
observed at 2 weeks after vaccination, and 
this enhancement was further evident in the 
4-week sera (Fig. 5). This difference between 
animal and human response appears to be re- 
lated to prior experience of human subjects 
with influenzal antigens since many of the 
men studied were previously sensitized to each 
of the 4 vaccine strains. 

Discussion. Combination of HDA with in- 
fluenza vaccines does increase antigenic po- 
tency; however, our results illustrate a factor 
of significance in comparative studies of ad- 
juvants in animals and man. When the test 
subject has had previous sensitization to a 
given antigen, such as is often the case in 
adults, the response may be only slightly in- 
creased. In contrast, enhancement will be 
observed with HDA-virus mixtures in a host 
undergoing primary immunization. The adju- 
vant effect appears to be more pronounced 
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FIG. 4. Antibody responses of adults to influenza vaccine with hexadecylamine. 


FIG. 5. 


when virus antigens are firmly bound to HDA. 
Studies are now in progress of responses in 
sensitized guinea pigs and men with virus- 
coated HDA vaccines. 

Rapid antibody production can be an im- 
portant factor in the control of influenza when 
new vaccines are being used to combat rapidly 
spreading new antigenic variants such as was 
the case in the pandemic of 1957. For this 
reason, the accelerated responses induced by 
myxovirus adsorbed to lipid is a valuable fea- 
ture of the combination. 

Summary. Hexadecylamine in levels up to 
.5 mg/ml is well tolerated by man and ani- 
mals. A single injection into guinea pigs of 


Antibody responses in guinea pigs to influenza vaccine with hexadecylamine. 


influenza vaccines containing this material re- 
sults in rapid production of antibody levels 
which exceed those elicited by control vac- 
cines. Preliminary results in man suggest that 
adjuvants of this nature may be most effica- 
cious in a population receiving primary in- 
fluenza experience. 


1. Youngner, J. S., Noll, H., Virology, 1958, v6, 
ive 

2. Woodhour, A. F., Jensen, K. E., Proc. Soc. 
Exp. Brot. AND MeEp., 1959, v100, 561. 

3. Noll, H., Youngner, J. S., Virology, 1959, v8, 
319. 
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Prevention of Experimental Allergic Encephalomyelitis with 


6-Mercaptopurine.* 


(25460) 


Leon W. Hover,t Ricuarp M. Conpret anp Rosert A. Goop 
Pediatric Research Laboratories, Variety Club Heart Hospital, Univ. of Minnesota 


Despite extensive investigation, the mech- 
anism whereby administration of nervous tis- 
sue in adjuvants results in production of ex- 
perimental allergic encephalomyelitis (EAE) 
remains to be conclusively demonstrated (1). 
Extensive indirect evidence suggests that EAE 
has, in a poorly understood manner, an im- 
munologic basis(1,2). Although development 
of EAE has been prevented by a number of 
agents which interfere with the immune re- 
sponse, repeated failures to achieve passive 
transfer of the disease with serum or cells 
from involved animals to normal animals 
raises a question concerning other evidence 
indicating that EAE is an immunological dis- 
ease. Studies by Sterzl(3) on use of 6-mer- 
captopurine to influence the immune response, 
and the more recent demonstration by 
Schwartz(4) that 6-MP will prevent produc- 
tion of circulating antibody in response to 
first parenteral injection of simple protein an- 
tigens, would seem to provide another ap- 
proach to elucidation of the pathogenic 
mechanisms in development of EAE. This 
paper reports results in which treatment with 
6-MP prevented development of EAE. 


Material and methods. Rabbits employed 


were albino hybrids of both sexes, weighing 


2-3 kg, obtained from a single breeder and 
kept in the laboratory for at least 2 weeks 
prior to experimentation to insure a disease- 
free stock acclimated to laboratory conditions. 
6-MP% was dissolved in IN NaOH (0.15 ¢/ 
ml) and the solution kept under refrigeration. 
Fresh solution was made up every other day. 
All injections of 6-MP were made into mar- 


* Aided by grants from U.S. Public Health Service, 
Am. Heart Assn., Minn. Heart Assn., and Minn. Di- 
vision of Am. Cancer Soc. 

+t National Science Foundation Medical Student 
Summer Research Fellow. 

t Research Fellow of Child Development Study 
Group, Univ. of Minnesota. 

§ “Purinethol” 6-Mercaptopurine was generously 
provided by Burroughs Wellcome & Co. 


ginal ear vein. The encephalitogenic agent 
was whole rabbit spinal cord, freed of men- 
inges and large blood vessels by being forced 
through stainless steel tissue press containing 
#80 mesh copper wire screen, and emulsified 
in a modified Freund’s adjuvant: 20 g wet 
weight spinal cord; 10 ml complete Freund’s 
adjuvant (Difco); 500 mg ground, killed, 
dried Mycobacterium butyricum; 10 ml Bayol 
F; and 2 ml Arlacel A. Rabbits received 0.1 
ml of this emulsion intradermally in each 
hind footpad. Five groups of animals were 
used. Group la received 12 mg/kg/day, 
starting 2 days prior to injection of spinal 
cord-adjuvant emulsion and_ continuing 
through 18th day after injection. Group 1b 
(12 mg/kg/day), Group 2 (9 mg/kg/day), 
and Group 3 (6 mg/kg/day) received 6-MP 
daily, starting day of injection of spinal cord- 
adjuvant emulsion and continuing through 
18th day after injection. Each experimental 
group contained 10 animals. A group of 20 
animals served as controls and received no 
injections with 6-MP. 

Results. Although EAE may be manifested 
by paralysis, tremors, convulsions, coma, and 
death, the most consistent clinical manifesta- 
tion of this disease in rabbits is paralysis. In- 
deed, in our experience paralysis is a most 
satisfactory index for occurrence of EAE in 
this species. In observations of EAE in more 
than 500 rabbits, paralysis has never been 
present without confirmatory histologic le- 
sions, including perivascular cuffing and evi- 
dence of demyelination or necrosis within the 
central nervous tissue. On the other hand, in 
almost all animals with demonstrable his- 
tologic lesions, paralysis of some degree has 
been observed. Alvord, Magee, Kies, and 
Goldstein(5) report that in the guinea pig, as 
well, paralysis is almost always associated 
with microscopic lesions of the central nervous 
system. Consequently, in this study, paralysis 
was used as primary index of presence or ab- 
sence of disease. Animals were observed daily 
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FIG. 1. Effect of 6-MP on experimental allergie encephalomyelitis. 
FIG. 2. Effect of 6-MP on leukocytes in rabbits stimulated with a spinal cord-adjuvant emul- 


sion. 


and were considered to have the disease only 
if definite signs of paralysis were observed in 
either the front or hind quarters. In a num- 
ber of animals dying of EAE, histological ex- 
amination revealed the characteristic lesions 
GL) 

Fig. 1 shows the time course of development 
of paralysis, Groups la and 1b being plotted 
together. Eight of the 60 animals in Groups 
1-3 were not used to determine percentages of 
paralyzed animals given in Fig. 1. These ani- 
mals include: one of the control group which 
died on fourth day after injection of spinal 
cord-adjuvant emulsion; one animal of Group 
3 and 3 animals of Group 1 which died imme- 
diately following heart puncture; and 3 ani- 
mals of Group 1 which died of apparent toxi- 
city due to 6-MP. (All died on nineteenth 
day after injection of spinal cord-adjuvant 
emulsion.) These animals showed no evi- 
dence of paralysis prior to death. Although 
lower dosages of 6-MP (6 and 9 mg/kg/day) 
delayed appearance of the disease, they did 
not prevent appearance of paralysis even 
while they were being given. However, when 
6-MP was given in a dosage of 12 mg/kg/day, 
it completely prevented development of the 
disease during drug administration. 

Because previous studies had indicated that 
animals given 12 mg/kg/day of 6-MP re- 
mained in apparent good health for 18-20 
days, and then began to sicken and die if in- 
jections of 6-MP were continued, administra- 


tion of the drug was discontinued on 
eighteenth day in this experiment. After dis- 
continuation of the drug, and following a la- 
tent period of 7-18 days, the rabbits devel- 
oped paralytic encephalomyelitis which dif- 
fered in no way from the disease observed in 
controls. It is notable, however, that the in- 
terval between discontinuation of 6-MP and 
appearance of paralysis was somewhat shorter 
than the interval between injection of spinal 
cord-adjuvant emulsion and appearance of 
paralysis in control animals. It is unlikely 
that 6-MP merely masked clinical manifesta- 
tions of EAE in this group, for after drug 
treatment was discontinued at least 7 days 
elapsed before paralysis due to EAE was ob- 
served in these animals. 

Effect of 6-MP on circulating leukocytes. 
Administration of 6-MP to animals in Group 
la produced slight depression in total number 
of circulating leukocytes (Fig. 2). Continued 
administration of 6-MP to animals not stimu- 
lated with an antigen, results in a severe leu- 
kopenia(6), but this was prevented in our 
experiments by the stimulation provided by 
injection of the spinal cord-adjuvant emulsion. 
The hematologic data for a group of control 
rabbits are also given in Fig. 2. It is appar- 
ent that the increase in total number of leu- 
kocytes associated with EAE is due to in- 
crease in numbers of neutrophils. In these 
control animals, as well as in 6-MP-treated 
animals, the number of lymphocytes in peri- 
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pheral blood remained nearly constant. 6-MP 
in these doses prevents the increase in circu- 
lating neutrophils and produces a mild neu- 
tropenia. 

Discussion. A number of studies have 
shown that it is possible to inhibit or dimin- 
ish the severity of EAE. These have included 
excision of lymph nodes draining the injection 
site, irradiation of these nodes prior to injec- 
tion of the spinal cord-adjuvant emulsion, 
prior injections of aqueous suspensions of 
nervous tissue in newborns(7) and adult ani- 
mals(8) and treatment with salicylates(9), 
ACTH and cortisone(10,11,12). 

Our experiment indicates that a third type 
of chemical, a nucleic acid antimetabolite, will 
also prevent occurrence of EAE while it is 
being given. The effect of 6-MP on immune 
response is probably a result of its antimeta- 
bolic properties. Schwartz et al.(4,13) found 
that antibody production is inversely related 
to dose of 6-MP administered, and interpreted 
this to mean that the drug specifically inter- 
feres with a first-order chemical reaction 
rather than having a general cytotoxic effect 
similar to that of nitrogen mustard and X- 
irradiation. Whether DNA metabolism or 
RNA metabolism is affected is not clear at 
present. Interference with either induced 
proliferation or differentiation of cells may be 
the basis of this effect. 

Only very large doses of 6-MP prevented 
occurrence of encephalomyelitis. However, 


-the majority of rabbits so treated tolerated 


the drug quite well and, following its discon- 
tinuation, were healthy enough to express the 
disease in its characteristic form. Certainly 
the rabbits were not debilitated during treat- 
ment with 6-MP and the effects observed can- 
not be attributed to drug toxicity per se. It is 
of interest that, even with the intensive stimu- 
lus represented by injection of spinal cord- 
adjuvant emulsion administered, some delay 
in development of EAE was observed with 
non-toxic doses of 6-MP (6 mg/kg and 9 mg/ 
kg). 
While the immunological nature of EAE 
seems well established, the nature of the hy- 
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persensitivity involved is not yet clear. The 
effect of 6-MP on delayed hypersensitivity 
has not been reported, but Schwartz et al.(13) 
were able completely to suppress formation of 
circulating antibody by continued injections 
of 6-MP. Whether or not 6-MP will aid in 
identifying the nature of the hypersensitivity 
involved in pathogenesis of EAE, remains a 
question to be answered by further experimen- 
tation. It is clear, however, that EAE can 
be suppressed by 6-MP without a reduction 
in circulating level of lymphocytes, the cell 
type most usually implicated in the mechan- 
ism of delayed hypersensitivity. 


Summary. Experimental allergic encepha- 
lomyelitis is prevented during administration 
of 12 mg/kg/day of 6-Mercaptopurine. The 
number of lymphocytes in peripheral blood is 
not reduced during this period in which 6- 
MP prevents EAE, although the number of 
neutrophils is reduced by half. 
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Effects of Posterior Hypothalamic Lesions on Sexual Maturation of 


Immature Female Albino Rats. 
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Neuroendocrine investigations demonstrat- 
ed that hypothalamic lesions will impair 
mechanisms for normal maturation of the pre- 
puberal rat. Bogdanove(1) and Donovan 
(2) have shown that precocious sexual devel- 
opment can occur in immature female rats 
with anterior hypothalamic lesions. Such ef- 
fects may be due to either release from a 
gonadotropic inhibiting system, or activation 
of a gonadotropic stimulatory mechanism. Al- 
though the underlying processes involved in 
initiation of puberty are relatively obscure, 
the present belief is that lack of hypothalamic 
stimulation delays puberal onset, since, in the 
sexually infantile rat, the pituitary is not too 
immature for, nor its target organs refractory 
to, gonadotropic hormone secretion. Trans- 
plantation of immature rat pituitaries to base 
of brain of their hypophysectomized mother 
restored cyclic estrus function before puberty 
in the donors would have been effected (3), in- 
dicating that prepuberal hypophysis awaits 
hypothalamic stimulation. Investigation of 
the possibility that posterior hypothalamic 
damage may cause a delay in onset of puberty 
is the object of this study. 

Methods and materials. Forty-five, 21-day 
old albino female rats (Holtzman) were di- 
vided into 4 groups. Group A (12 animals) 
was a normal control group, Group B (12 ani- 
mals) was the sham operated control group, 
Group C (11 animals) consisted of lesioned 
subjects, and Group D (10 animals) was a 
normal control group sacrificed at 21 days of 
age. Animals were allowed tap water and 
Purina laboratory chow. ad lib. Body weights 
were recorded every 5 days. All operations 
were performed between days 21 and 25. 
Under Nembutal anaesthesia (2 mg/50 g rat, 
I.P.), a 23 ga wire electrode was inserted, ac- 
cording to Krieg(4) coordinates 53-56, 83- 
84, to a depth of 0.5-1 mm from base of skull. 


* Submitted in partial fulfillment for M.S. degree, 
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Direct current of 5 ma for 15 sec was em- 
ployed to bilaterally destroy the area from 
the mammillary body to the ventromedial nu- 
cleus. As soon as vaginae opened, smears 
were taken for 3 to 4 weeks to identify cycling 
activity. At the first such smear, one rat from 
each of Groups A and B, and 3 from Group C 
was placed in a cage with a virile, 100 day old 
male, for mating. All rats were observed for 
behavioral changes. Groups A, B, and C were 
sacrificed at 65 days of age. Fresh weights 
of pituitaries and reproductive organs (total 
weight of ovaries + oviducts + uteri + va- 
gina) were recorded. Statistical analysis of 
data was by Student’s “t” test. A probability 
of = 0.05 was accepted as statistically sig- 
nificant. 


Results. Histological examination of le- 
sioned brains revealed extensive destruction of 
the area from mammillary body to VMN. Re- 
sults are summarized in Tables I and II. Ani- 
mals with hypothalamic lesions showed a 
definite inhibition of reproductive organ 
growth. Average reproductive organ weight 
of 5 lesioned animals whose vaginae never 


opened was 93.9 mg, less than % the average. 


recorded for normal controls. Although pi- 
tuitaries of lesioned animals were considerably 
smaller than those of normal controls, they 
were comparable in weight to those of the 
sham operated group, making it difficult to in- 
terpret reproductive organ size in terms of 
pituitary weight alone. 


Vaginae of Groups A and B opened between 
days 34 and 35, with a cycling pattern estab- 
lished, on the average, 6 days after opening. 
In contrast, vaginal opening of Group C was 
delayed until the 52nd day. This delay is 
especially significant since the group includes 
5S animals (Group C2.) whose vaginae were 
still closed at autopsy. These animals had 
the smallest reproductive organ and pituitary 
weights of the entire lesioned group. All 
Group C animals exhibited abnormal deposits 


HYPOTHALAMUS AND #SEXUAL MATURATION 


TABLE I. 
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Means and Standard Errors of Body Weights, Reproductive Organs, Hypophysis, Vaginal 


Opening, and Cycling in Normal, Sham Operated, and Lesioned Female Albino Rats. 


Reproductive Hypophysis d Cycling be- 
No oe Body wt (¢) organ wt (mg’) wt (mg) Day gan, days 
No. of : vagina post vaginal 
rats 21 days 65 days 21 days 65 days 21 days 65 days opened opening 
Group A,nor- 12 48.0 191.5 552.5 8.12 35.0 6.0 
mal control + .8 + 3.2 sion) +1.14 + .6 +.4 
Group B,sham 12 42.0 188.9 604.6 3.70 34.0 6.0 
control seily?) +10.4 +75.8 +1.00 +1.4 +.4 
Group Ce. 11 42.0 180.9 213.4 2.01 52.0 Anestrous 
lesioned SE IIEY ae 1.4 +60.9 a= 93)8) +3.5 
Group C,, le- 6 42.0 183.5 332.0 2.28 40.0 BE 
sioned vagi- +3.0 + 4.0 +29.0 a= iff seal 
nae opened 
Group Cs, le- 5 42.0 178.8 93.9 1.75 Unopened 
sioned vaginae +4,2 +23.6 +13.8 + .50 (at 65 days) 
never opened 
Group D,nor- 10 42.0 66.64 823 
mal controls +1.4 +1.35 SEL 7, 


21 days old 


of adipose tissue in which kidneys, adrenals 
and unvascularized reproductive organs were 
deeply embedded. That such accumulation of 
fat exceeded that of the 2 control groups, and 
that large lower abdominal bulges were evi- 
dent, suggested imminent obesity. One le- 
sioned animal exhibited definite obesity, 
weighing 231 g. Females from Groups A and 
B became pregnant, bearing an average of 12 
fetuses. The 3 animals from Group C when 
tested never became pregnant. 

Of 11 animals in Group C, 5 had vaginae 
that never opened, 5 were diestrus and gave 
continuous leucocyte smears, 1 was in con- 
stant estrus, and gave continuous cornified 
smears (this animal failed to mate). 

Marked behavioral alterations were ob- 
served in the lesioned animals. Post-opera- 
tively, the rats became extremely vicious and 


TABLE II. Table of ‘‘t’’ Values for Normal, 
Sham Operated and Lesioned Female Albino Rats. 


Repro- 

ductive Body Hypophysis Day of 
Groups organ wt wt wt vaginal 

compared —————— (65 days) —-———, opening 
A&B O2t .024t ae) Bij 
A&C Ballin AN: 5) 5.00* 4.5 * 
B&C 4.00* 05 t 1.50 4.5 * 
A&C, 3.10* EO dant 4,.30* 2.624 
A&C, 6.60* .022t 4,16* 
B&C, 1.71t 
Oil t P =.05 {P=.02 


FIG. 1. Comparison of reproductive organs of nor- 
mal control (left), sham-operated (center) and 
lesioned rat (right) at 65 days. 


belligerent. Two of the weaker surviving ani- 
mals were eaten alive. Continuous hostility 
was exhibited up to time of sacrifice. Pain 
and post-operative discomfort were ruled out 
as possible stimuli since the sham operated 
group displayed no such behavior, and nor- 
mal rats of such a young age are quite docile 
and inquisitive. Food intake of lesioned ani- 
mals was reduced during the first 2 post-oper- 
ative weeks. Definite hyperphagic behavior 
was indicated by day 50, at which time the 
bulging, pear shaped lower abdomen became 
evident. 

Discussion. Fig. 1 shows the striking dif- 
ference in reproductive organs of a normal 
control, sham operated and effectively lesioned 
animal. The reproductive organ immaturity 
and prolonged vaginal closure infers that the 
initiating mechanism for estrogen secretion 
was absent. Reproductive organ growth and 
maintenance of functional estrous cycling, as 
well as vaginal opening ‘‘on time,” are depen- 
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dent upon this particular ovarian hormone. 
Furthermore, the fact that lesioned animals 
whose vaginae opened after considerable de- 
lay exhibited a constant anestrous state, sug- 
gests that the hypophysis was incapable of 
elaborating or secreting those hormones re- 
sponsible for initiation and maintenance of 
sexual cycling. 

On the other hand, rats with anterior hypo- 
thalamic lesions have exhibited precocious 
puberty(1,2) and persistent estrus(5,6,7). 
Correlation of all observations suggests the 
possible existence of a dual “gonado-hypophy- 
tropin” controlling system: 1) an inhibitory 
mechanism located in the anterior hypothala- 
mus, and 2) a stimulatory one located in the 
posterior hypothalamus. Activity of these 2 
hypothetical “sex centers” should determine 
net gonadctropic activity of the hypophysis, 
and influence time of puberal initiation. The 
effects of circulating gonadotropic and ovarian 
hormones upon hypothalamic function must 
also be considered, although further discussion 
of such feedback mechanisms is beyond the 
scope of this study. In view of previous evi- 
dence, the hypophysis is, theoretically pre- 
pared to produce its gonadotropins at a pre- 
puberal age. The reason for puberty not nor- 
mally occurring earlier may be due to a dif- 
ferential immaturity of the hypothalamus it- 
self. 


Physiological evidence for ventromedial nu- 
clei destruction was indicated by the obese 
patterns in these animals, confirming reports 
of Brobeck(8). It is interesting to note the 
similarity between delayed puberty, sexual in- 


METHIONINE AND ETHIONINE INTOXICATION IN RAT 


fantilism and obesity resulting from posterior 
hypothalamic destruction and the characteris- 
tic signs of Frohlich’s syndrome. In effect, 
Frohlich’s syndrome has been experimentally 
produced in these animals. 

Summary. Eleven 21-day old female albino 
tats (Holtzman) were subjected to bilateral 
lesions of the area from the mammillary body 
to the ventromedial nucleus. These animals 
showed definite signs of delayed puberty, re- 
productive immaturity, viciousness and immi- 
nent obesity. Five had vaginae that never 
opened. It appears evident that in the pre- 
puberal rat, factors (neurosecretory sub- 
stances), which prod the pituitary into a func- 
tional secretory state, and which permit the 
mammal to attain reproducive maturity, are 
not present, or, are in a state of preparation. 
The results indicate the importance of hypo- 
thalamic function to puberal onset, and to the 
structural and physiological success of the re- 
productive-sex complex. 
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Ethionine is an analogue and metabolic an- 
tagonist to methionine(1,2,3), and ample evi- 


* Supported by Office of Surgeon General, Dept. of 
Army, N.I.H., U.S.P.HS. 


dence has been presented that the features of 
ethionine intoxication including cancer are 
prevented by administration of methionine (4). 
Nevertheless, the possibility of a toxic effect 
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of ethionine is not excluded. To supplement 
available information, the effects of various 
ratios of ethionine and methionine in the diet 
upon the subacute hepatic changes in the rat 
liver were studied. Particularly the effects of 
such ratios upon liver cell injury and ductular 
cell reaction were investigated, as they are 
the 2 most distinctive features of sub-acute 
ethionine intoxication(5). 


Methods. Female Sprague-Dawley sats, 
weighing approximately 175 g, were placed in 
individual cages and kept on synthetic diet 
containing vitamin free casein, 160 g; corn oil, 
SO g; sucrose, 750 g; salt mixture U.S.P., for 
depletion diet, 40 g/kg; and adequate vita- 
min supplements, except for riboflavin, 4 mg; 
and choline hydrochloride, 30 mg. The rats 
were divided into 16 groups each containing 
10 animals. Five of these groups received 
each supplements of 0.5%, 0.75%, and 1% 
ethionine, respectively, whereas the last group 
served as overall control. In each of the 3 
experimental groups, one subgroup received 
no supplement of methionine, whereas the 
other 4 in each group received supplements 
varying from 0.4 to 1.4% methionine (Table 
I). After 35 days all rats were sacrificed, and 
liver tissue was fixed in buffered 10% forma- 
lin and some in Carnoy’s fixative. Paraffin 
sections were stained with hematoxylin-eosin, 
Gomori’s silver impregnation for reticulum 
and subjected to Schiff’s periodic acid reaction 
_ after removal of glycogen by diastase. De- 
grees of hepatic cell degeneration, of ductular 
cell proliferation, and reticulum increase were 
arbitrarily graded by 2 independent observers 
from 0 to 4 plus, without knowledge of the 
experimental history according to criteria pre- 
viously used(6). 

Results. Rats on ethionine alone exhibited 
severe damage to parenchymal cells of the 
liver associated with necrosis and regenera- 
tion of single cells (Fig. 1). Liver cells were 
often arranged in small groups as a result of 
formation of several cells thick plates. Be- 
tween liver cell plates ductular cells accumu- 
lated frequenty without apparent arrangement 
into tubules. They were surrounded by 
mononuclear cells and segmented leucocytes, 
the combined lesion of ductular cells and in- 


TABLE I. Arbitrary Grades (Average of 10 Rats 

per Group) of Histologic Features-in Liver of Rats 

on Synthetic Diet for 35 Days with Varying Sup: 
plements of Ethionine and Methionine. 


g/100 g of syn- 
thetic diet 


Parenchy- Intersti- 
Ethio- Methio- maldegen- tial cell 
nine nine eration reaction Reticulum 
0) 0 + 0 0 
3) 0 3-4+ 2 2 
a 4 3+ 0 
@ 6 2 0 0 
fj 8 1+ 0 0 
; 1.0 es 0. 0 
SS 0 4+ 3+ 38+ 
a 6 2 0 0 
- 8 1-2+ (0) 0 
2 1.0 a 0 0 
af 1.2 + 0 0 
1.0 0 4+ 4+ 4+ 
a 8 1-2 0 0 
i 0) eb) 0 0 
a a2 1+ 0 0 
4 1.4 a 0 0 


flammatory cells being designated interstitial 
cell reaction. The argentophil reticulum fi- 
bers were conspicuously increased, many of 
them arranged around ductules (Fig. 1). The 
described changes were increasingly severe as 
concentration of ethionine in the diet rose. 
In rats receiving methionine supplements 
slightly below ethionine levels, the hepatocel- 
lular changes were decreased in intensity. This 
became more pronounced as methionine sup- 
plements were raised to one-and-a-half or 
twice those of ethionine without, however, be- 
ing completely normal. In contrast, ductular 
cell proliferation and the less regular accumu- 
lations of inflammatory cells were abolished 
by the smallest amount of methionine used. 
This also held true for the increase in reticu- 
lum fibers. 

Discussion. Intensity of histologic features 
of the sub-acute ethionine intoxication de- 
pends upon amount given and similarly, in 
confirmation of multiple observations, methio- 
nine suppresses the effects of intoxication al- 
most completely. Thus, even high levels of 
ethionine failed to produce conspicuous 
changes if covered by increasing amount of 
methionine. The basal synthetic diet contains 
approximately 0.4 g methionine/100 g which 
has to be taken into consideration in evalu- 
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5 ma ‘ ite, eS 
FIG. 1. Photomicrographs of livers of rats 35 days on various synthetic diets. A. Basal diet. 
Almost normal appearance of liver cells. HE 120%. B. 0.5% ethionine. Damage of liver cells 
and moderate interstitial reaction. HE 120%. ©. 1% ethionine. Severe damage of liver cells 
and extensive interstitial reaction, composed of duectular and mesenchymal cells. HE 120, 
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D. Basal diet. Small amount of reticulum. 
lonine. Moderate increase of reticulum, 


HANS) 


Gomori’s silver impregnation 240. E. 0.5% eth- 
: ) Gomori’s silver impregnation 240%. F. 1% ethionine. 
Conspicuous increase of reticulum, mainly arranged around ductules, 


Gomori’s silver impregna- 


tion 240. G. 0.5% ethionine and 0.4% methionine, Damage of liver cells without interstitial 


reaction. Compare with B. HE 120. H. 0.5% 


mal amount of reticulum. 


ethionine and 0.4% methionine. Almost nor- 


Compare with E, Gomori’s silver impregnation 240. I. 1% ethio- 


nine and 1.4% methionine. Slight irregularity of cytoplasmic staining of liver cells. No inter- 
stitial cell reaction. HE 120. 


ating methionine supplements. However, in 
view of the established differences in meta- 
bolic utilization between ethionine and methi- 
onine, it is difficult to calculate the effective 
ratio in the body. With this reservation it ap- 
pears that higher absolute values of methio- 
nine are more effective in protection, in spite 
of the presence of larger quantities of ethio- 
nine. The results support the assumption of 
metabolic competition rather than toxicity for 
the ethionine effect. 

Whereas on the same level of ethionine, the 
degree of liver cell damage reflects the amount 
of methionine supplemented, the interstitial 
cell reaction is prevented by all levels of me- 
thionine administered. Thus, in subacute 
ethionine intoxication the ductular cell pro- 
liferation and liver cell damage are dissoci- 
ated in animals receiving methionine, similar 
to what may be observed when cortisone is 
administered to ethionine intoxicated rats(7). 
The discrepancy is particularly apparent in 
animals receiving relatively small methionine 
supplements. In animals receiving large sup- 
plements, routine histologic examination fails 


_to show significant differences from control 


animals. 

The parallelism in degree of interstitial cell 
reaction or ductular cell proliferation and in- 
crease of reticulum fibers is a further strong 
support for the concept that ductular cell pro- 
liferation is the most important stimulus for 
formation of fibers in ethionine intoxication 
in the rat(7,8). 


Summary. Liver cell injury of subacute 
ethionine intoxication of the rat is accentuated 
by rising ethionine levels in the diet. Methio- 
nine supplements have an increasingly inhibi- 
tory effect depending on concentration. That 
effects of even high levels of ethionine may be 
almost completely eliminated by high methio- 
nine levels speaks for the role of ethionine as 
a metabolic competitor of methionine rather 
than as a primary toxic agent. Methionine 
inhibits ductular cell proliferation much more 
effectively than the injury to hepatic cells, 
thus dissociating both lesions. Ductular cell 
proliferation and fiber formation run parallel. 


The authors are very grateful to Helene Tzitsikas 
and Roy Dube, Kenneth Thompson, and Jim Mat- 
thias for technical assistance. 
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Non-Specific Effect of Bromide on Conditioned Avoidance Behavior 
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Bromide ion has been traditionally classi- 
fied as a general central nervous system de- 
pressant and been used as a sedative and 
anti-epileptic drug. It has also been reported 
that bromide possesses ataractic or tranquiliz- 
ing properties(1), suggesting another thera- 
peutic use for it. Since there is little experi- 
mental information about the tranquilizing 
properties of bromide(2), this experiment ex- 
amined the effect of bromide on conditioned 
avoidance response, using it as one criterion 
of tranquilizing activity(3). 

Methods. The avoidance conditioning 
method described by Cook and Weidley(4) 
was used with modification. The test animal 
climbs a vertical pole to avoid unconditioned 
stimulus (US) (electric shock) delivered 
through a grid in floor of a box. The condi- 
tioning stimulus (CS) is a buzzer introduced 
for 5 seconds before shock. If animal climbs 
the pole during this period, no shock is deliv- 
ered and this becomes the conditioned re- 
sponse (CR). Failure to mount the pole re- 
sults in shock (3/second), for no more than 
30 seconds. If animal climbs the pole during 
this period, then this becomes the uncondi- 
tioned response (UR). A specific blockade 
of CR is indicated by failure to respond to 
CS though responding to the US. Non-speci- 
fic blockade results from failure to respond 
to both CS and US. Male rats of Sprague- 
Dawley descent, weighing approximately 100 
g at start of experiment, were used in groups 
of 10 for training. Twenty-five rats trained 
to the CR response were divided randomly 
into 5 groups. In each group, 1 animal served 
as control, and the other 4 received 100, 200, 
300, 400 or 500 mg/kg respectively of Br- ad- 
ministered as NaBr. Injections were made 
intraperitoneally, once daily, 5 days a week 
for 2 weeks to achieve a relatively stable blood 
Br’ level or until blockade of CR was noted. 


* Supported by grant from Nat. Inst. Health, 
UsS-PAES: 


Effect of Bromide on Conditioned 
Avoidance Response. 


TABLE I. 


No. rats fail- 


Dose Br- Blood Br- No. rats img to respond 

(mg/kg) (meq/1) * tested CR UR 

Control 5 0 0 
100 12.0 + 2.3 4 0 0 
200 18.2 + 2.8 sy 0 0 
300 27.7 + 5.3 id 0 0 
400 35.0 + 1.9 be 0 0 
500 48.7 + 1.7 ms 4 4 


* Mean + stand. dev. 


Testing was carried out each day approxi- 
mately 4 hours after injection of NaBr. After 
2 weeks of testing, or when blockade of CR 
was noted, a blood sample was taken by car- 
diac puncture under light ether anesthesia. 
The sample was analyzed for whole blood Br- 
by the method of Brodie and Friedman(5). 


Results. A wide range of blood Br- levels 
were obtained (Table I) with group mean 
values ranging from 12 to 48.7 meq/l. At 
highest level of blood Br the CR was blocked. 
However this blockade was non-specific since 
the UR was also blocked. At this blood Br 
level all rats showed evidence of ataxia and 
loss of righting reflex, accounting for inability 
to respond to the US by climbing the pole. 
This type of blockade of both CR and UR 
occurs with administration of such general 
central nervous depressants as barbital and 
methylparafynol(4). Therefore, it seems 
that the effect of Br on the CR is similar to 
that of a general central nervous depressant 
rather than to that of a drug possessing spe- 
cific tranquilizing activity. 

Although only one method for assessing 
tranquilizing activity of drugs was employed, 
the same relationship between toxic and ef- 
fective dose also occurs when Br- is tested for 
ability to block audiogenic seizures in rats(6). 
In these tests a dose of 750 mg/kg of NaBr 
given intraperitoneally to rats was 100% suc- 
cessful in preventing seizures but caused in- 
coordination in the animals. Since ability to 
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block audiogenic seizures has also been used 
to assess tranquilizing activity of drugs(3), 
it lends further support to the assumption that 
Br’ does not possess tranquilizing properties 
in non-toxic doses. 

Summary. The effect of 5 doses of bromide 
was tested for effect on conditioned avoidance 
response in rats. Blockade of response oc- 
curred at dose of 500 mg/kg of Br-, but this 
effect was non-specific, since it was accom- 
panied by ataxia and loss of righting reflex. 
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Inheritance of Capability of Human Esophageal Epithelial Cells to Grow 


with Diverse Carbohydrates.* 


(25464) 


S. GAYLEN BRADLEY AND JEROME T. SyverToNt 
Dept. of Bacteriology and Immunology, University of Minnesota, Minneapolis 


Several carbohydrates have been reported 
sufficient for growth of human cells in contin- 
uous culture in a medium composed of inor- 
ganic salts and dialyzed serum(1,2). Addi- 
tionally, Chang(3) derived variants of HeLa 
and conjunctival cells able to grow in me- 
dium containing d+xylose, a usually insuf- 
ficient sugar, as sole carbon-energy source. 
Previous work has not determined whether 
such capacity of human cells to grow with 
particular carbohydrates is constitutive or 
adaptive, or how such capacity is inherited. 
This paper is concerned with capacity of 


cells in culture to initiate and continue multi- 


plication, given particular carbohydrates. Ca- 
pacity of cultures to grow in particular carbo- 
hydrate media was employed as a measure of 
cell capacity. This measure was influenced 
by the proportion of capable or potentially 
capable cells in culture inocula, degree of 
capability of such cells, and ability of these 
cells to become established in surface culture. 
When capability to grow in a medium con- 
taining a specific carbohydrate was indepen- 
dent of continued addition of that carbohy- 
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drate during subculture, the capability was 
considered hereditary. If capability to grow 
in a particular medium was attenuated revers- 
ibly by substitution of another carbohydrate 
during subculture, the capability was consid- 
ered adaptive, as opposed to constitutive. By 
definition, the presence of a constitutive en- 
zyme and the power to make an adaptive en- 
zyme are hereditary. The expression of an 
adaptive enzyme is dependent upon the sub- 
strate and therefore nonhereditary.  Irre- 
versible alteration of culture capability by 
presentation or withdrawal of the carbohy- 
drate was viewed as evidence of selective en- 
richment of a culture with capable or incapa- 
ble cells. This report is concerned with propa- 
gation of human esophageal epithelial cells in 
medium with various carbohydrates, deriva- 
tion of substrains by serial culture in media 
containing fructose, d+ xylose or d+galac- 
tose, and determination of heritability of ca- 
pacity to grow in these carbohydrate media. 


Materials and methods. Cells of human 
esophageal epithelium (Minn. EE 55-12-1) 
have been carried as a stable line for 4 years 
after establishment from tissue of a male in- 
fant with tracheo-esophageal fistula(4). Me- 
dium for growth of the parental (uncloned) 
EE strain contained 105 mM sodium chloride, 
5 mM potassium chloride, 0.8 mM disodium 
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hydrogen phosphate, 0.3 mM _ sodium dihy- 
drogen phosphate, 1 mM magnesium sulfate, 
0.6 mM calcium chloride, 12 mM _ glucose, 
0.002% (w/v) phenol red, 0.1% (w/v) Difco 
yeast extract, 10% (v/v) human serum, and 
sufficient sodium bicarbonate to adjust the pH 
to 7.6. Ten-times concentrated stock solu- 
tions of a) magnesium sulfate, calcium chlor- 
ide and yeast extract, and b) remaining salts 
and phenol red, were sterilized by autoclav- 
ing; stock carbohydrate solutions were steri- 
lized by Selas filtration. For use as culture 
medium, sterile stock solutions were diluted 
with sterile deionized water and mixed with 
serum. Subculture of cells was accomplished 
by a) washing cultures with 2-3 changes of 
NaCl-KCl solution; b) detaching cells from 
glass by incubation with 0.5% Difco “‘certi- 
fied” 1:125 trypsin in NaCl-KCl solution for 
5 minutes at 37°C; c) harvesting cells by 
centrifugation and resuspending them in 
NaCl-KCl solution for counting with a hemo- 
cytometer, and diluting to desired density; 
and d) inoculating cells into growth medium 
warmed to 37°C and equilibrated to pH 7.2- 
7.4. Cultures were fed every third day by 
complete medium change; acid production 
was countered by appropriate addition of bi- 
carbonate to maintain pH. Measurement of 
culture growth was compared for a) hemocy- 
tometer counts of cells dispersed with 0.5% 
trypsin, collected by centrifugation, and di- 
luted to required population densities; b) dry 
weight estimation (4 x 107 EE cells weighed 
0.7 + 0.2 mg); c) turbidity of dispersed cell 
suspensions (Fig. 1); and d) assay of cell 
nitrogen by Koch-McMeekin Nessler method 
and use of Klett-Summerson photoelectric 
colorimeter with No. 54 filter. Dry weight 
was an insensitive and inaccurate measure; 
turbidity was measurable accurately but re- 


FIG. 1. Turbidity of human EE (Minn. 55-12-1) 
cell suspensions, as read in a Klett-Summerson 
photoelectric colorimeter, filter 42. Cell suspensious 
were prepared from 10-day cultures. 

FIG. 2. Total nitrogen content of human EE 
(Minn. 55-12-1) cells, determined by the Koch- 
McMeekin Nessler method. 

FIG. 3. Growth of human EE (Minn. 55-12-1) 
cells at 37°C in medium containing 10% whole hu- 
man serum, 0.1% yeast extract and 12 mM glucose, 
measured by total cell count (half-solid circle) and 
nitrogen determination (open circle). 
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quired too many cells. Cellular nitrogen was 
directly proportional to cell count over a 
wide range (Fig. 2). Growth curves based on 
cell count and nitrogen measurement were 
compared for EE cells grown in standard me- 
dium with glucose (Fig. 3). During days 1 
and 2 of culture, a drop in cell number was 
not accompanied by a reduction in cellular 
nitrogen. Toward the end of the growth cycle 
on days 10-12 nitrogen continued to rise al- 
though cell count leveled, and on days 12-14 
cellular nitrogen dropped more rapidly than 
cell count. These discrepancies were com- 
patible with assumption of differences in as- 
sociated rates of protoplasm synthesis and 
cellular division(5). Since the present study 
was concerned with qualitative capacity of in- 
dividual carbohydrate media to support pro- 
duction of new cells rather than with quan- 
titative capacity to apply derived energy or 
metabolites to protein synthesis, cell count 
was adopted as a sufficient measure of culture 
growth. Viable inoculum for dispersed plane 
cultures was measured as efficiency-of-cell es- 
tablishment (EOE), z.e., the fraction of the 
cells in the inoculum that attached to the 
glass. EOE was measured by hemocytometer 
counts of a) cells and cell ghosts floating in 
medium 18 hours after culture inoculation, or 
b) cells of washed monolayers completely dis- 
persed by trypsin. Agreement of the two 
measures is illustrated by a typical experiment 
where 3.6 x 10° cells and ghosts were counted 
in medium taken from cultures inoculated 
with 6 x 10° cells: 1.8 x 10° cells were recov- 
ered after removal of medium and detachment 
of cells from glass. Glucose content of media 
was determined as a) reducing sugar measured 
by Folin-Wu method and colorimetric assay 
with Klett-Summerson photoelectric colori- 
meter (filter No. 42); and b) fermentable 
substrate measured manometrically by use of 
Candida stellatoidea(6). Eighteen-hour yeast 
cultures were harvested by centrifugation, 
washed 4X with cold deionized water, depleted 
of fermentable reserves by incubation for 4 
hours at 20°C in 0.06 M phosphate buffer at 
pH 4.5, and added to Warburg vessels in 2 
ml of phosphate buffer to a density of 1.5 x 
108 yeasts/ml. Side arms were loaded with 
test medium diluted appropriately in phos- 
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phate buffer. Manometric measurement of 
carbon dioxide was continued until evolution 
was less than 1 1/15 minutes by 2 consecu- 
tive readings. 

Results. Glucose depletion of serum-yeast- 
extract growth medium was accomplished by 
microbiological treatment. Dialysis was 
avoided since it might deplete growth factors 
present in the complex basal medium. Can- 
dida stellatoidea from 18-hour broth cultures 
was washed twice with cold deionized water 
(7) and added to growth medium to a con- 
centration of 5 x 10" yeasts/ml. Seeded me- 
dium was incubated stationary at 30°C for 
4-6 hours before the yeasts were removed by 
centrifugation. Growth of EE cells in treated 
medium with and without added glucose indi- 
cated that yeast treatment had depleted glu- 
cose satisfactorily, without apparent produc- 
tion of toxic material (Fig. 4). By colori- 
metric reducing-sugar assay, untreated me- 
dium contained 186 + 38 mg glucose/liter, 
and treated medium 22 + mg/liter (88% de- 
pletion). These media had been prepared 
without added glucose: standard medium with 
12 mM added glucose contained 2,328 + 294 
mg glucose/liter, in close agreement with the 
expected value. By manometric assay, un- 
treated no-sugar medium contained 154 mg 
glucose/liter (42.1 + 4.3 wl COs evolved from 
1 ml), treated no-sugar medium contained 31 
mg glucose/liter (8.4 + 1.3 pl CO» from 1 
ml), and standard 12 mM glucose medium 
contained 2,206 mg/liter. Results obtained 
by chemical and microbiological assays thus 
were similar. C. stellatoidea grown in glucose 
broth fermented fructose and glucose, but not 
lactose, sucrose, d+maltose, d-+galactose, 
mannitol, cellobiose, d+-xylose, 1+-arabinose, 
d—melibiose, d+melezitose, d+ trehalose, d-+ 
turanose, d--raffinose, sodium lactate, sodium 
pyruvate, ethanol or sodium acetate. Repre- 
sentative values of carbon dioxide evolution 
are shown in Table I. By these results, C. 
stellatoidea fermentation was sufficiently se- 
lective to be a reliable method for glucose de- 
pletion of cell culture media. 

Toxicity of sugars for EE cells was tested 
by adding sucrose, maltose, galactose, lactose, 
arabinose, xylose, fructose, melibiose, melezi- 
tose, trehalose, raffinose, or mannose at con- 
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FIG. 4. Growth of human EE cells at 37°C in 


medium containing 10% whole human serum and 
0.1% yeast extract, and depleted of glucose by 
treatment with Candida stellatoidea. The 3 curves 
depict growth obtained with no added glucose 
(solid cirele), with 1 mM added glucose (half-solid 
circle) and with 12 mM added glucose (open circle). 

FIG. 5. Growth of human EE (Minn. 55-12-1) 
cells in yeast-treated medium containing 10% whole 
serum, 0.1% yeast extract and glucose or fructose, 
as measured by hemocytometer counts. The 4 
curves show growth with 12 mM glucose (circle, 
solid right), 1 mM glucose (solid circle), 12 mM 
fructose (circle, solid left) and 1 mM fructose 
(open circle). 


centrations of 1.08, 2.16 or 4.32 g/liter to glu- 
cose medium.- None of the carbohydrates 
prevented growth of EE cells or affected mor- 
phology at these concentrations. 

Growth in carbohydrate media was meas- 
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ured for an inoculum of 6 x 10° EE cells in 
culture bottles containing 5 ml of carbohy- 
drate medium pretreated by yeast fermenta- 
tion. In turanose, melezitose, melibiose or 
arabinose medium, only about 10% of inocu- 
lated EE cells were attached to glass after one 
day of incubation, and these were detached by 
the fourth day. In lactose medium, 15% of 
cells attached themselves to the glass and flat- 
tened as if to initiate growth, but then de- 
tached rapidly as if some toxic product had 
been formed. In raffinose and trehalose me- 
dia the cells adhered to the glass and were 
maintained for several days but without sig- 
nificant growth. In other experiments, EE 
cultures established on glass in glucose me- 
dium were washed repeatedly with NaCl-KCl 
solution after 3 days of incubation, and over- 
laid with yeast-treated sugar medium. After 
8 days no cells survived in medium contain- 
ing lactose, turanose, melezitose, melibiose 
or arabinose. Raffinose and trehalose main- 
tained the cells but did not support multipli- 
cation. Cultures started in fructose or glu- 
cose medium exhibited identical EOE of 30%, 
and similar growth curves (Fig. 5).  Al- 
though EE cells grew well in yeast-treated 
maltose medium, this glucose disaccharide was 
not studied further because manometric assay 
of glucose in yeast-treated maltose medium 
showed an increase from an initial concentra- 
tion of 50 mg glucose/liter to about 750 mg/ 
liter after 12 hours incubation at 37°C. Un- 
der these conditions growth permitted by mal- 
tose could not be differentiated from that per- 
mitted by glucose possibly released by serum 
maltase. In initial experiments, sucrose me- 
dium maintained EE cells for several days 


TABLE I. Ability of Candida stellatoidea to Fer- 
ment Carbohydrates. 


CO, evolved, CO, evolved, 


Substrate ul/hr Substrate ul/hr 
glucose 550 melibiose 19 
fructose 465 cellobiose 18 
galactose 262 (1lsthr) melezitose 9 
110 (2nd”’ ) sucrose 18 
43 (3rd”’) trehalose 9 
ORCL th an) mannitol 12 
maltose 35 raffinose as) 
arabinose 10 turanose 4 
lactose 29 buffer 8 

xylose 23 
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with little or no growth. Occasionally 20% 
of the inoculum survived and almost immedi- 
ately multiplied. This irregular behavior sug- 
gested a) adaptive enzyme formation or b) 
uncontrolled variation of culture medium, 
rather than selection of pre-existing capable 
cells. Ability of sucrose to permit multiplica- 
tion of EE cells was dependent on the serum 
pool employed. To detect any serum inver- 
tase, yeast-treated sucrose medium with and 
without added EE cells was assayed for reduc- 
ing sugar by the Folin-Wu method. Although 
yeast-treated sucrose medium alone showed 
no increased content of reducing sugar after 
4 days of incubation, medium with added EE 
cells rapidly accumulated reducing sugar. In 
one experiment, reducing sugar concentration 
increased from zero-time level of 28 mg/liter 
to 474 mg/liter after 12 hours, and to 840 
mg/liter after 24 hours; during the following 
48 hours reducing sugar concentration varied 
from 600 to 800 mg/liter. Results by mano- 
metric determination of fermentable substrate 
were similar. Since neither EE cells nor se- 
rum alone was able to convert sucrose to re- 
ducing sugar, it appeared that EE cells inter- 
acted with certain serum pools to manifest in- 
vertase activity. The cells may have activated 
a serum invertase precursor or deactivated an 
inhibitor. With the above described carbohy- 
drates then, EE cells were a) unable to use the 
carbohydrate during growth, b) able to use 
the unaltered carbohydrate during growth or 
_ c) able to grow in medium containing prod- 
ucts produced from the presented carbohy- 
drate by the serum or the serum and cells to- 
gether. 

Selective growth in carbohydrate media was 
observed with 2 sugars. Commercially avail- 
able galactose was freed of up to 2% contami- 
nating glucose by yeast-treatment. EE cells 
transferred from glucose medium to galactose 
medium established themselves with 15-20% 
efficiency, compared to 30-35% EOE for glu- 
cose-to-glucose subculture. Cells transferred 
to galactose medium initially were smaller 
and grew slower than cells in glucose medium. 
Equivalent cell populations in the same time 
period frequently lowered the pH of glucose 
medium to 6.5, but rarely lowered the pH of 
galactose medium below 7.0. On _ second 


transfer in galactose medium, cells attained 
more nearly the size of cells in glucose me- 
dium; again the pH of galactose medium was 
reduced less than that of glucose medium by 
cell multiplication. By the fourth subculture 
in galactose medium, cells were as large as 
glucose-grown cells and their EOE had in- 
creased to 30-35%. Xylose medium was yeast- 
treated for uniformity, although commercial 
xylose contained very little contaminating glu- 
cose. Only 7 of 46 EE cultures survived trans- 
fer from glucose to xylose medium, and these 
grew out from a small number of cells (EOE 
<1%). Efficiency of establishment increased 
to 10% with the second xylose subculture and 
progressively to 35% by fourth subculture. 
After several transfers in xylose medium, cells 
multiplied as rapidly as in glucose medium; 
again, minimal lowering of xylose-medium pH 
was seen. With galactose and xylose, then, 
ability to grow in the carbohydrate medium 
could be acquired by EE cultures. 
Heritability of power to multiply in particu- 
lar carbohydrate media was tested by serial 
subculture. Cells transferred from glucose 
medium to fructose medium exhibited an EOE 
of 25-30% and grew immediately. Continued 
fructose-to-fructose subculture raised the 
EOE to 30-35%. About 30% of fructose- 
grown cells survived transfer to glucose me- 
dium and multiplied. EOE and growth rate 
were not affected greatly by retransfer of these 
glucose-grown cells to fructose medium (Ta- 
ble II). Growth curves were not significantly 
different from those shown in Fig. 5. There- 
fore ability to multiply in fructose medium 
was hereditary and constitutive; that is, the 
ability was transmitted through many cellular 
generations in the absence of substrate. 
Only small numbers of parental-culture EE 
cells grew on transfer from glucose to xylose 
medium: these achieved a 30% EOE after 4-6 
subcultures representing 20 to 40 cell genera- 
tions in xylose medium. The maximum effi- 
ciency corresponded to that of glucose-to-glu- 
cose subculture of control cells. Xylose- 
grown cells established themselves with effi- 
ciency of 25-30% on transfer to glucose me- 
dium, and with 20% efficiency on retransfer 
to xylose medium (Table II). Thus the al- 
tered capacity of EE populations to grow in 
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TABLE IT. Hereditability of Capacity of Human 
Ksophageal- Npithelial Cells (Minn. 55-12-1) to 
Grow in Particular Carbohydrate Media. 


EE cells grown in glucose medium 


EOE * 30-35% 


fructose 
subculture, EOE% 


xylose 
subculture, EOER 


galactose 
subculture, EOE% 


25 
30 
35 
35 


1 15 
2 20 
20 3 25 
4 30 
5 30 


anna wnre 
w 
° 


———— none 


glucose 
subculture 


glucose 
subculture 


glucose 
subculture 


1 30 1 25 1 
2 30 2 30 2 
3 35 3 35 3 
4 35 4 35 4 
5 35 
6 35 


xylose 
subculture 


20 
25 
30 
30 


PWN 


xylose medium, once obtained by selection in 
xylose, was hereditary and constitutive. 

Results for galactose were less decisive but 
clearly different from those for xylose. As 
with xylose medium, EE populations propa- 
gated by galactose-to-galactose transfer exhib- 
ited an EOE of 30%, like that of control pop- 
ulations propagated by  glucose-to-glucose 
transfer (Table II). Galactose-grown cells 
were transferred readily to glucose medium 
(EOE = 25%), but were retransferred less 
easily to galactose medium after limited 
growth in glucose medium (EOE = 15%). 
It appeared that the increased ability of galac- 
tose-grown cells, contrasted to glucose-grown 
cells, to initiate growth in galactose was adap- 
tive; that is, the capacity to grow in galactose 
medium was transmitted from culture to sub- 
culture in the absence of galactose but was 
quantitatively dependent on presence of gal- 
actose. Since full efficiency of culture ca- 
pacity to grow with galactose was not 
achieved with one passage of glucose-grown 
cells in galactose medium (Table IT), it is not 
clear whether adaptive enzyme production was 
the sole mechanism operating. 


Similar experiments were performed with 
growth media containing mixed sugars. 
Grams-per-liter ratios of glucose:xylose or 
glucose: galactose of 1:2 and 6:1 were used. 
Ability of glucose-grown EE cells to initiate 
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growth in xylose or galactose medium was not 
increased by prior subculture in 12 mM glu- 
cose medium, supplemented with xylose or 
galactose respectively. Conversely, once the 
cells had achieved increased EOE during pas- 
sage in xylose or galactose medium, this ca- 
pacity was maintained during passage in me- 
dium containing 6 times as much glucose as 
xylose or galactose (Table III). Supplemen- 
tation of glucose medium with xylose con- 
ferred no selective advantage on xylose-capa- 
ble cells in glucose-grown populations, and 
glucose reinforcement of xylose medium con- 
ferred no selective advantage on any xylose- 
incapable cells in xylose-grown populations. 
Subculture in glucose-fortified galactose me- 
dium did not reduce efficiency of galactose- 
grown cells for establishment in galactose me- 
dium, nor did subculture in glucose-fortified 
galactose medium increase efficiency of glu- 
cose-grown cells for establishment in galactose 
medium. 

Discussion. Capacity of human cells in 
continuous culture (Minn. EE 55-12-1 strain) 
to multiply in various carbohydrate media 
was studied with parental rather than clonal 
populations, to observe the widest range of 
behavior. The parental EE stock was able to 
grow in media containing glucose and fructose 
whether cultivated previously in glucose or in 
fructose medium. Lack of similar capability 
for use of sucrose and lactose contrasts with 
ability of the human animal. Jn vivo, sucrose 
and lactose capability may result from cellular 
interaction or from adaptive production of in- 
vertase and lactase under peculiar inductive 
conditions. Xylose capability of xylose- 
TABLE III. Effect of Subculture in Carbohydrate 
Mixtures on Capacity of Esophageal Epithelial 


Cells (Minn. 55-12-1) to Grow in Carbohydrate Me- 
dia. 


xylose medium EE cells grown in galactose medium 
xylose-glucose medium 


glucose medium 
subculture 


galactose-glucose medium 
subculture 
sugar Sugar 


eBugar 
ratio EOE% ratio EOE% % eeee 


ratio EOE% ratio EOE% 
1 1:6® 925 2:1 30 az: 2 
{Poa aoe: 2 ee 
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xylose medium 

galactose medium 
subculture subculture 
EOE% EOE% EOE EQE% 
30 <1 aed | 30 ; 


_ * g/liter ratio of sugars as indicated by subhead- 
ing. 
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" 
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grown EE cells was not dependent on presence 
of xylose but was limited to a few cells in glu- 
cose-grown parental populations. Experiments 
presented here did not establish whether the 
selected xylose-capable cells were mutants or 
progeny of cells existing in the tissue source 
of the EE strain. Galactose capability by con- 
trast appeared adaptive. Results of experi- 
ments with mixed sugars indicated that xylose 
and galactose capabilities were alternative 
rather than substitutive to glucose capability. 
Given interpretations of data are subject 
to the reservation that analyses were based 
on establishment efficiencies of less than 50%. 
It is not yet known what additional selective 
forces thus were imposed by conditions of 
experiment. Before undertaking determina- 
tive studies of representative numbers of 
clones separated from the parental population, 
it appears desirable to investigate possible ef- 
fects of very small amounts of one sugar on 
capacity of cells to make primary use of an- 
other sugar for growth. The necessarily com- 
plex media used herein for propagation, as 
noted, were highly depleted but not totally 
freed of glucose. 

Summary. -Human esophageal epithelial 
cells (Minn. 55-12-1 strain) in serum medium 
microbiologically depleted of glucose were un- 


able to grow with lactose, raffinose, trehalose, 
turanose, melezitose, melibiose or arabinose as 
sole carbon sources. Cultures in depleted me- 
dium grew well with maltose and occasionally 
with sucrose by production of reducing sugar 
through serum or cell-serum activity. Ability 
to grow in glucose-depleted medium contain- 
ing fructose, xylose, and galactose was in- 
herited. Acquired xylose capability of cul- 
tures appeared to result from selective en- 
richment of populations with constitutively 
xylose-capable cells. Expression of capabil- 
ity of cultures to grow in galactose medium 
was modified reversibly by prior exposure to 
galactose or glucose. 
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Dissociation of Some Injected Antigen-Antibody Complexes in vivo. (25465) 


Harry WALTER AND HERBERT ZIPPER (Introduced by Felix Haurowitz) 
Radioisotope Service, Vet. Admin. Hospital, Brooklyn, N.Y. 


As a natural outgrowth of many studies 
(1-9) exploring the fate of antigens in normal, 
x-rayed or sensitized animals, recent investiga- 
tions(10-12) have probed certain aspects of 
biological activity:or metabolism of antigen- 
antibody complexes directly. Antigen-anti- 
body (Ag-Ab) complexes prepared in vitro 
using radio-iodinated antigen or antibody (10, 
11) were injected intravenously into rabbits 
and elimination from serum was traced as was 
their initial deposition and subsequent cata- 
bolism in various tissues(11). We previously 
found(11) that clearance from blood of in- 


travenously injected, insoluble, suspended Ag- 
Ab complexes as indicated by trace labeled 
antigen proceeds more rapidly in sensitized 
than in control animals. It seemed to us that 
the circulating antibody in sensitized rabbits 
reduced the dissociation of injected complexes 
thus expediting their removal from the circu- 
lation. We also showed that in normal ani- 
mals antigen-antibody complexes do, at least 
to some extent, dissociate. We present here 
further evidence for (a) dissociation of anti- 
gen-antibody complexes in sera of rabbits 
(normal and sensitized) in vivo and (b) rapid 
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equilibration of the labeled Ab moiety of the 
injected complex with the circulating Ab. 
This was demonstrated by comparing elimina- 
tion from serum of Ab-labeled Ag-Ab com- 
plexes to elimination of Ag-labeled Ag-Ab 
complexes(11). 

Methods. Rabbits were immunized by re- 
peated(6-8) subcutaneous injections of 60 
mg/animal of beef gamma globulin at 3-4 day 
intervals. Eight to 10 days after final injec- 
tion, rabbits showing qualitatively similar 
titers were exsanguinated by heart puncture, 
the blood allowed to clot and the serum col- 
lected. Preparation of beef gamma globulin 
(BGG) trace labeled with I! (I*BGG), 
preparation of insoluble antigen-antibody 
complexes between I*BGG and anti BGG 
from the gamma globulin fraction of rabbits 
sensitized to BGG, and subsequent suspension 
in saline and intravenous injection of these 
complexes into normal or BGG sensitized rab- 
bits have been described(11). The gamma 
globulin fraction of rabbits immunized against 
BGG was prepared(11) and iodinated by the 
method of Warren and Dixon(13). Ina typi- 
cal preparation approximately 550 mg of rab- 
bit gamma globulin and 40 mc of ['*! contain- 
ing 5.6 mg of potassium iodide as carrier were 
used. The iodinated rabbit gamma globulin 
was immediately precipitated by addition of 
equal volume of neutralized saturated am- 
monium sulfate, centrifuged down, dissolved 
in a few ml of water and extensively dialyzed 
against saline in the cold. Although we found 
that this procedure gives only 3.7% of the 
theoretical yield in iodination of the protein 
(necessitating high activity used in the ex- 
periment), the titer of the iodinated antibody 
appears essentially unaffected. Complexes be- 
tween unlabeled BGG and I* anti BGG were 
prepared in the manner described for la- 
beled BGG and unlabeled anti BGG(11). Ag- 
Ab complexes in which the BGG is labeled are 
designated as I*BGG-anti BGG while those 
in which the antibody is labeled are designated 
as BGG-I* anti BGG. Rabbits sensitized to 
BGG or normal rabbits were intravenously 
injected(11) with 3.3 mg containing 2.6 x 106 
cpm of BGG-I* anti BGG. Rabbits were bled 
periodically from ear marginal vein, blood was 
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allowed to clot, and serum removed. Dry pro- 
tein powders were prepared for counting (14) 
and the total sample weighed and counted in 
a scintillation well-counter. 

Results of these experiments, and of those 
to which we wish to compare them(11), are 
presented in Fig. 1. We express results as 
relative specific activities (RSA) which have 
previously been defined(14) as: 


counts/min. in 100 mg protein 
RSA — 


counts/min. inj./g body wt 


RSA values allow direct comparison of data 
obtained from animals of the same species but 
of different weight. 


Fig. 1 shows protein-bound serum activities 
obtained over 7 days when sensitized or nor- 
mal rabbits are injected with BGG-I* anti 
BGG complex or with I*BGG-anti BGG com- 
plex intravenously via the ear marginal vein. 
Each point in Fig. 1 represents the average 
RSA value obtained from 4 similarly injected 
rabbits. 

It can be seen that labeled antibody admin- 
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FIG. 1. Protein-bound relative specific activity of 
rabbit sera at various times after intray. inj. with 
BGG-I anti BGG complex or with I BGG-anti 
BGG complex. 
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istered as part of an antigen-antibody complex 
is removed from the circulation of normal con- 
trols and rabbits sensitized to BGG at quite 
similar rates. On the other hand, when elimi- 
nation of antigen-antibody complexes is traced 
by tagging the antigen moiety(11) (Fig. 1), 
disappearance of the label is much more rapid 
and, furthermore, is considerably influenced 
by presence or absence of circulating antibody 
in blood. It thus appears that, in blood cir- 
culation im vivo, there is dissociation of the 
injected complex and equilibration between 
labeled antibody administered in the complex 
and antibody in the circulation of sensitized 
animals. The small amount of labeled anti- 
body in the complex must rapidly equilibrate 
with the large amount of antibody in the cir- 
culation since no difference is apparent in rate 
of clearance of the labeled antibody adminis- 
tered in the complex in sensitized and normal 
animals. In experiments in which the antigen 
component of the complex is labeled, excess 
circulating antibody assures that the label 
(Ag) will continue to form part of an Ag-Ab 
complex and be, therefore, more rapidly re- 
moved from the circulation. 

The difference in levels of activity of la- 
beled Ag and of labeled Ab in Ag-Ab-injected 
normal rabbits, apparent shortly after injec- 
tion, is probably due to the initial clearance of 
injected Ag-Ab complex. Even complexes of 
Ab: Ag ratios smaller than those injected (i.e. 
partially dissociated complexes) are still very 
rapidly removed from the circulation. 

Summary. When rabbits are injected with 
antigen-antibody complexes in which the an- 
tibody moiety is labeled with I'#!, no differ- 
ence is found in its clearance from blood be- 


tween animals sensitized to the antigen and 
normal controls. This finding is quite differ- 
ent from previous results when similar com- 
plexes with the antigen moiety labeled are in- 
jected(11). In the latter case radioactivity is 
cleared much more rapidly in sensitized rab- 
bits as compared to their controls. The disso- 
ciation of antigen-antibody complexes in vivo 
and the rapid equilibration of the labeled Ab 
of the injected complex with the Ab circulat- 
ing in sera of sensitized rabbits are given as 
explanations for these findings. 
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It has been shown that tissues from high 
altitude guinea pigs have a significantly higher 
succinoxidase system activity than those from 
sea level(1). However, ‘“Antimycin titer” and 
cytochrome oxidase are little changed with al- 
titude and the latter only in some tissues, indi- 
cating that the process of adaptation to high 
altitude may not necessarily involve modifica- 
tions in all steps of a multienzyme system but 
rather in those which are rate-limiting factors 
for that system. DPNH and TPNH.-cyto- 
chrome c reductases have been pointed out as 
very important steps in the respiratory chain, 
since the flow of electrons between, and 
through these 2 elements of the chain may be 
modified by a specific transhydrogenase in 
keeping with metabolic and energetic needs of 
the animal(2). All these facts prompted us 
to undertake a preliminary study concerning 
DPNH- and TPNH-cytochrome c reductases 
in liver of rats exposed to low oxygen tensions 
and compare the results with those obtained in 
sea level rats. 

Methods. ‘Two series of adult male albino 
rats were selected. Both groups were kept un- 
der the same standard conditions, except that 
rats for high altitude series were placed in low 
pressure chambers at a simulated altitude of 
18,000 feet, for 23 hours daily, during 6 
months. After killing animals by decapita- 
tion the liver was removed and a 10% homo- 
genate was prepared in cold isotonic sucrose 
(0.25M). Cell fractions were obtained fol- 


lowing the method of Schneider and Hoge- 
boom (3). Enzymatic reduction of cytochrome 
c after addition of one of the reduced pyridine 
nucleotides was followed at 550 mp in a model 
D. K. No. 2 Beckman Recording Spectropho- 
tometer, at room temperature. The reaction 
mixtures and assay procedures were the same 
as those described previously(4). Specific 
activity is given as »M of cytochrome c re- 
duced/minute/g of protein. The absorbancy 
index used for this reduction was 1.91 x 104 
1 mole cm (absorbancy index of reduced 
cytochrome c at 550 my-absorbancy index of 
oxidized cytochrome c at 550 mp) (5). 
Results. The liver from animals exposed to 
low oxygen tensions shows a higher DPNH- 
cytochrome c reductase activity than that 
from animals staying at sea level (Table I). 
Percentage of increment in activity of this 
enzyme is nearly the same in whole homoge- 
nate and in cell fractions. On the other hand, 
TPNH-cytochrome c reductase does not show 
any increment in animals exposed to high al- 
titude; on the contrary, it tends to be lower 
than in the sea level group, although the dif- 
ference has no statistical significance. To un- 
derstand the results better, disregarding in- 
dividual variations, ratios between _DPNH- 
and TPNH-cytochrome c reductases were cal- 
culated for each animal, thus eliminating any 
variability due to changes in room tempera- 
ture from one experimental day to another. 
Table II shows relative activities of these en- 


TABLE I. Specific Activities of Pyridine Nucleotide-Cytochrome © Reductases in Liver from 
Sea Level and High Altitude Acclimated Rats. 


DPNH-eytochrome ¢ reductase 


TPNH-cytochrome ¢ reductase 


fe HN ‘G 
Sea level High altitude Sea level High altitude 
Means + S.E. (8)* 1? Means + S.E. (7)* 1p 
Whole homogenate 332.5 + 22.5 463.1 + 24.0 <.01 Wifi ae tay 14.6 + 3.2 il 
Mitochondria 456.3 + 29.3 T17.8 = 32:0 “ 32.2 + 6.4 29.4 + 4.2 s3 
Microsomes 677.6 +67.4 1076.2 + 6 ds 26.3 + 5.0 19.2 + 3.7 w 


* No, of animals, 


P = Probability based on t test of significance of differences 


between means, 
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TABLE II. Relative Activities of Cytochrome © 
Reductases in Rat Liver and Its Cell Fractions dur- 
ing Acclimatization to Simulated High Altitudes. 


Cytochrome ¢ 


reductases 
Tissue sample Altitude DPNH- TPNH- 

Whole homogenate Sea level 19.4* 1 
18,000 ft SIL 1 

Mitochondria Sea level 14.2 il 
18,000 ft 24.4 1 

Microsomes Sea level 25.7 1 
18,000 ft 56.0 1 


* Figures are avg from 7 to 8 individual ratios. 


zymes for each group of animals. In the al- 
titude series the activity of the DPNH-cyto- 
chrome c reductase, with respect to the 
TPNH-system, is about twice as much as in 
the sea level control. It seems therefore, that 
during the process of adaptation to a low pres- 
sure environment there is a selective modifica- 
tion in transport of electrons toward oxygen. 
Both, DPNH- and TPNH-systems use oxygen 
as a terminal acceptor for electrons, though it 
is apparent that only the former generates 
high-energy phosphate bonds(2). These find- 
ings show an increase in activity of the high- 
energy generating system indicating that one 
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of the features of acclimatization to a low oxy- 
gen tension atmosphere could be the improve- 
ment of those mechanisms involved in furnish- 
ing utilizable energy. 


Summary. Pyridine nucleotide-cytochrome 
c reductase activities of whole rat liver and 
its cell fractions were determined in high alti- 
tude exposed rats and the results compared 
with those obtained in sea level rats. DPNH- 
cytochrome c reductase activity was higher in 
the low oxygen tension exposed rats, whereas 
the TPNH-cytochrome c reductase activity 
did not show any appreciable change. The 
significance of these findings is discussed. 
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Liver mitochondria from cold adapted ham- 
sters have a higher succinoxidase and glutamic 
acid oxidase systems activity than those from 
control animals. Furthermore the succinic 
dehydrogenase and cytochrome oxidase activi- 
ties are elevated in the former. To understand 
better the extent of enzymatic changes taking 
place during this adaptation, studies involving 
DPNH:* and TPNH-cytochrome c reductases 
were undertaken. 


Material and methods. Normal adult male 


* Abbreviations used: DPNH and TPNH = re- 
duced diphospho and triphospopyridine nucleotides. 


hamsters kept in the cold (3° + 2°C) for 70 
days were killed by decapitation and their liv- 
ers removed and placed in ice-cold isotonic 
sucrose. Mitochondria were prepared from a 
0.25 M sucrose homogenate following the 
classic technic of Schneider and Hogeboom 
(1). Microsomes were obtained by centri- 
fuging the mitochondrial supernatant at 105,- 
000 x g for 50 minutes in Spinco preparative 
ultracentrifuge. Reduction of cytochrome c 
upon addition of one of the reduced pyridine 
nucleotides was recorded at 550 mp in a model 
DK No. 2. Beckman spectrophotometer. 
Rates of reaction were measured at room tem- 
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TABLE I. Specific Activities of Pyridine Nucleotide-Cytoehrome C Reductases in Liver-Cell 
Fractions from Control and Cold Exposed Hamsters. 


DPN H-cytochrome ¢ reductase 


TPNH-cytochrome ¢ reductase 


Mean + S.E. (15)* 12 Mean + 8.E. (7)* 12 
Mitochondria Control 429.7 + 29.4 Al 45.1 + 4.0 Sil 
Cold 466.5 + 33.2 65.7 +14.1 
Microsomes Control 897.1+ 54.8 < .02 IRS ey = 11S <a Oi 
Cold 1359.2 +167.6 26.9 + 2.3 


* No. of animals. 


perature, and always one control and one cold 
exposed animal were studied /experiment. 
Standard reaction mixtures and assay proce- 
dures have been described(2). Specific ac- 
tivity of samples was expressed in terms of 
#M of cytochrome c reduced/minute/g of 
protein at 550 my. Protein determinations 
were carried out by biuret reaction. 

Results are presented in Table I. It may 
be noticed that the enzymatic activity of 
DPNH- and TPNH-cytochrome c reductases 
is not significantly changed in the mitochon- 
drial liver fraction from cold exposed ham- 
sters as compared with controls. Although 
the mean value of the TPNH-cytochrome c 
reductase is higher in the cold adapted animal, 
the difference has no statistical significance 
due to large individual variations. In the 
microsomal fraction, on the other hand, the 
activity of these enzymes is frankly elevated 
in the cold exposed group of animals. The 
data show an increment in activity of TPNH- 
cytochrome c reductase of about 77% over 
controls. 

Discussion. It is of interest to consider the 
possible implications of these findings in the 
mechanism of cold acclimatization. Kaplan 
et al. showed that oxidation of TPNH is car- 
ried out with less generation of energy-rich 
phosphate bonds than the oxidation of DPNH 
(3). In turn, Vignais advanced the idea that 
oxidation of TPNH is accomplished with more 
heat evolution than oxidation of DPNH and 
that the increase in B.M.R. in the rat during 
Vit. A deprivation could be due to increment 
in oxidation of TPNH(4). Scholander e¢ al., 
on the other hand, have shown that in men 
acclimatized to cold, heat production remained 
much higher than the basal rate before ac- 


P = Probability based on t test of significance of differences 
between means, 


climatization and that this increment is at- 
tained with no extra oxygen consumption(5). 
It is evident from these findings that the 
mechanism of cold acclimatization involves a 
metabolic adjustment resulting in increased 
heat production. It is also clear that oxida- 
tion of TPNH, as judged from this report, 
plays an important role in this acclimatiza- 
tion. Furthermore, the increment in activity 
of these reductases which occurs only in mi- 
crosomes, and not in mitochondria which are 
regarded as the oxidative units in the cell, may 
signify that utilization of oxygen is not in- 
volved in the process as has been demon- 
strated in men by Scholander (5). 

Summary. A study of the pyridine nucleo- 
tide-cytochrome c reductases activity was car- 
ried out in liver cell fractions (mitochondria 
and microsomes) from cold exposed hamsters. 
Control animals were studied simultaneously. 
Both DPNH- and TPNH-cytochrome c re- 
ductases had a higher activity in microsomes 
of cold adapted hamsters than in those of 
controls; the latter nevertheless increases 
more conspicuously. In the mitochondria, in 
turn, these 2 systems did not show significant 
changes. The possible implication of these 
findings in cold adaptation is discussed. 
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Sterilization with ethylene oxide increased 
digestibility of collagen in tissue by broth cul- 
tures inoculated with human gingival accumu- 
lations(1,2,3). Failure of digestion by several 
pure cultures isolated from such mixtures indi- 
cated a synergistic mechanism of collagenoly- 
sis(1). Similarly, collagen fibrils reconsti- 
tuted from acid-soluble collagen of rabbit skin 
were digested by such mixed cultures but not 
by pure isolates from them, either alone or in 
combination(4). However, after treatment 
with ethylene oxide the reconstituted collagen 
was digested moderately by a few of these 
same pure cultures and extensively by their 
combination. Concomitant morphological al- 
terations of collagen fibrils were followed by 
electron microscopy. 

Materials and methods. The test for colla- 
genolysis was similar to that used previously 
(4). Two-ml aliquots of a neutral 0.2-0.5% 
solution of acid-soluble collagen were gelled at 
37°C and exposed to 11% ethylene oxide gas 
in a desiccator for 16 hours. Eight ml of a 
special hydroxyproline-free broth were added 
and inoculated with 0.1 ml portions of 48-hour 
broth cultures of the respective pure cultures. 
The tubes were then incubated for 7 days at 
37°C under 95% nitrogen and 5% COs. Fol- 
lowing centrifugation, aliquots of sediments 
and supernatants were analyzed for hydroxy- 
proline after acid hydrolysis. Since the oral 
microbiota readily catabolizes the hydroxy- 
proline-containing products of collagenolysis, 
the loss of total hydroxyproline served as an 
indicator of extent of collagenolysis(4). Five 
strains of Gram-negative fusiform bacilli (F1, 
F3, F4, F5, F7) were isolated from human 
saliva on a selective medium(5) and trans- 
ferred to fluid thioglycollate medium (Difco) 
containing 0.5% calcium carbonate. Five 
strains (V1, V2, V3, V4, V5) of Gram-negative 
anaerobic cocci (genus Veillonella) were iso- 
lated from human saliva on a selective me- 
dium(6) and maintained in the same medium 


lacking agar, vancomycin, and basic fuchsin. 
Two strains of diphtheroid bacilli (PC7, PC8) 
and 3 strains of viridans streptococci (PC1, 
PC2, PC6) were isolated on sheep-blood agar 
from cultures of mixed human gingival scrap- 
ings in a casein hydrolyzate broth(4) and 
subcultured in this broth with addition of 
0.5% glucose. Specimens of the reconstituted 
collagen were prepared for electron micro- 
scopy in the form of dried microdrops of sus- 
pensions and as thin sections of gel. For the 
former, small quantities of gel were rendered 
salt free by repeated suspension in triple-dis- 
tilled water and centrifugation. Microdrops 
of final suspensions were placed on electron 
microscope screens covered with carbon sub- 
strates, allowed to dry in air, and shadowed 
with palladium. Gel samples to be sectioned 
were fixed for 2 hours in a buffered osmium 
tetroxide-potassium dichromate mixture, de- 
hydrated in ethanol, and embedded in a mix- 
ture of butyl and methyl methacrylates. Sec- 
tions were cut with a Porter-Blum microtome 
equipped with glass knives. To afford closer 
study of the fibrils, the embedding medium 
was removed from some of the sections, which 
were then shadowed with palladium. 

Results. Marked alterations in morpho- 
logical characteristics of the gels after ethyl- 
ene oxide treatment were observed under the 
electron microscope in both microdrop and 
sectioned preparations. Before treatment the 
gels consisted almost entirely of a meshwork 
of typical collagen fibrils with clearly defined 
640A cross-striations (Figs. 1 and 4). After 
long exposures (16 hours) to ethylene oxide 
only a few of these fibrils could be found, and 
the gel seemed instead to be made up of much 
finer unstriated fibrils, arranged either as a 
loose network (Fig. 2) or as a compact mass 
(Fig. 3). Concomitantly, the collagen tended 
to pass from gel to sol state. Since, however, 
all hydroxyproline-containing material re- 
mained completely precipitable by 2.5% tan- 
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tom p< Coe NY % 
FIG. 1-3. Electron micrographs of microdrop 
Suspensions of heat-gelled acid-soluble collagen be- 
fore (Fig. 1) and after (Fig. 2,3) exposure to 11% 
ethylene oxide gas for 16 hr. XX 15,000. 

FIG. 4-6. Electron micrographs of sections of 
heat-gelled acid soluble collagen before (Fig. 4) 
and after exposure to 0.1% aqueous ethylene oxide 
for 1 hr (Fig. 5) and 3 hr (Fig. 6). x 11,500. 


nic acid, the collagen molecule itself was pre- 
sumably not split. When a series of speci- 
mens exposed for shorter periods was exam- 
ined to determine the way in which the colla- 
gen fibrils disintegrate, an impression was 
gained that they first become somewhat 
swollen, then break up into short lengths and 
finally decompose completely into the fine 
fibrillar units. Pronounced alterations were 
observed after as little time as one hour (Fig. 
5) and by the end of 3 hours most fibrils com- 
pletely lost their identity as collagen (Fig. 6). 
Fibrillar swelling similar to that seen in Fig. 
5 was reported in histological sections of hu- 
man gingival tissue after exposure to ethylene 
oxide vapor (2). 

Table I presents the essential results of a 
typical experiment demonstrating that these 
altered collagen fibrils became slightly suscep- 
tible to digestion by certain pure cultures of 
oral bacteria, but most significant was the ob- 
servation that in combination these cultures 
effected a 77% reduction in the collagen pres- 
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ent as compared with a 59% reduction by 
Clostridium histolyticum. In repeated tests 
these cultures and their combination failed 
completely to attack untreated reconstituted 
collagen(4). These results substantiate pre- 
vious suggestions of a synergistic mechanism 
of bacterial lysis of altered collagen(1,3). 
However, since growth of such organisms as 
the fusiform bacilli was generally greatly en- 
hanced in the combined cultures, the increased 
digestion might have resulted at least in part 
from symbiotic stimulation of growth and me- 
tabolism. Finally, it is certainly possible that 
other combinations of oral bacteria might ef- 
fect similar reactions. 


The microscopic changes observed in these 
altered collagen fibrils recall the electron mi- 
croscopic demonstration that collagen fibrils, 
in areas of rabbit skin where inflammation had 
been induced by the Arthus phenomenon, ex- 
hibited an absence of normal periodic cross 
striations, variations in density, and irregulari- 
ties of the margins with evidence of swelling 
and fragmentation(7). Similarly, the in- 
creased susceptibility to bacterial degradation 
of the collagen fibrils shortened by ethylene 
oxide (Fig. 6) recalls the report(8) that when 
native tendon was cut into small pieces (less 
than 1 mm), the fibers became digestible by 
trypsin, indicating that they were digested pri- 
marily at the cut ends (cf. also (9)).. In 
other words, finely divided collagen should be 
more readily attacked by enzymes. Collagen 
fibrils in areas of inflammation, like those al- 
tered by ethylene oxide, might accordingly be 
considerably more susceptible to enzymatic 
digestion, e.g., by local tissue cathepsins(10). 
This could mean also that the breakdown and 


TABLE I. Digestion of Ethylene-Oxide-Treated 
Reconstituted Collagen by Single and Combined 
Pure Cultures of Oral Bacteria. 


% loss in total 


Cultures tested (strains) hydroxyproline 
None 0 
Diphtheroid bacilli (PC7, PC8) 20,0 


Fusiform 2 (Fl, F3, F4, F5, 0, 0, 16, 18, 0 
iBT, 

Streptococei (PC1, PC2, PC6) 

Veillonellae (V1, V2, V3, V4, V5) 

Above cultures combined 

C. histolyticum 59 


0,0, 0 
0, 18; 18,1880 


? 
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loss of collagenous fibers, as seen for example 
in periodontitis, results from primary altera- 
tion by the inflammatory response and secon- 
dary attack by bacterial proteases. 

Summary. Treatment with ethylene oxide 
rendered reconstituted acid-soluble collagen 
readily digestible by combined pure cultures 
of human oral strains of fusiform bacilli, diph- 
theroid bacilli, streptococci, and veillonellae. 
The fact that only a few of these strains in- 
dividually attacked such altered collagen to a 
slight extent indicates digestion by synergistic 
and symbiotic reactions between members of 
the oral microbiota. Concomitantly with in- 
creased digestibility from treatment with 
ethylene oxide, reconstituted collagen exhib- 
ited marked morphological changes as _re- 
vealed by electron microscopy. 
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Separation of 2 Glutamic-Oxalacetic Transaminases by Paper 


Electrophoresis.* 


(25469) 


GERARD A. FLEISHER, CLARENCE S. PoTTER AND KHALIL G. WAKIM 
(With technical assistance of Marcella Pankow and David Osborne) 
Mayo Clinic and Mayo Fn.,t Rochester, Minn. 


The enzyme glutamic-oxalacetic transami- 
nase (GOT) has attracted considerable inter- 
est recently because its concentrations in 
blood and tissue are altered characteristically 
in a number of disease states. Methods of 
purification devised up to now(1,2) have pro- 
duced no indication that this enzyme may oc- 
cur in more than one form. We observed that 
crude GOT in an extract of cardiac muscle 
from dog, when chromatographed on certain 
ion exchangers, behaves as a mixture of 2 en- 
zymes. When CM-cellulose was employed 
with phosphate buffer of pH 7.0 and ['/2 = 
0.01 or less, one component was adsorbed and 
could be eluted at higher ionic strength and 
lower pH, while the other was adsorbed very 
little if at all. With DEAE-cellulose the be- 


* This investigation was supported in part by Re- 
search Grant from Nat. Inst. of Arthritis and Metab. 
Diseases, P.H.S. 

t The Mayo Foundation, Rochester, Minn., is part 
of Graduate School of Univ. of Minnesota. 


havior of the 2 fractions was reversed. These 
findings suggested that the 2 GOT’s may 
have opposite electrical charges at pH 7. To 
test this assumption, the paper electrophore- 
sis of crude preparations of GOT was inves- 
tigated. 

Methods and materials. Tissues were 
minced and extracted in a blendor with 3 vol- 
umes of cold water. The centrifuged extracts 
were concentrated several fold by ultrafiltra- 
tion at O°C. The solutions were recentrifuged 
at 30,000 g. They were then applied, in pro- 
portions of 10 to 40 yl, containing about 1 to 
5 mg of protein, to the paper strips in a Spinco 
electrophoretic apparatus Model R. Phosphate 
buffer of pH 7.4, [/2 = 0.075, was used, 
often with the addition of one per cent bovine 
serum albumin as a stabilizer of enzymatic 
activity. Stabilization could be achieved also 
by applying quantities of tissue extracts cor- 
responding to the larger amount of protein. 
Current was 5 milliamperes, temperature 8°C, 
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FIG. 1. Distribution of GOT activity following 
paper electrophoresis of crude heart extracts of 
man (© O), pig (@-—-@), and dog (@---@). 
Preparations were applied at center line. A and © 
represent, respectively, anode and cathode. 

FIG. 2. Dependence on pH of the GOT activity 
(@, anionic; ©, cationic) of dog heart fractions. 


time 45 hours. After electrophoresis the strips 
sometimes were dried partially in air (up to 1 
hour), which did not cause loss of activity. 
They were cut into sections 5 mm wide, each 
of which was eluted with 2 ml of 0.9% NaCl. 
The various fractions were tested for GOT ac- 
tivity by the spectrophotometric method of 
Karmen at 38°C(3). Enzymatic activities 
were expressed as percentages of total activity 
applied to the paper. With the precautions 
specified, recoveries ranged from 70 to 80%. 
For study of the dependence of GOT activity 
on pH and on concentrations of a-ketogluta- 
rate and L-aspartate, use was made of electro- 
phoretic fractions at the peak of the bands. 
The pH and substrate concentrations listed 
were those of the final test mixtures. For the 
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differential test the conditions were pH 6.0 
with 5 x 10% moles/I of aspartate and pH 7.4 
with 10°! moles/l of aspartate. In both tests 
the a-ketoglutarate was 2 x 10° moles/I, and 
the buffer concentration and all other condi- 
tions were those of the standard test at pH 
7.4. Because of the difference in substrate 
concentrations, the results in the special test 
at pH 7.4 were about 16% higher than in the 
standard test. 

Results and comment. Electrophoretic pat- 
terns of GOT in heart extracts of man, pig, 
and dog are shown in Fig. 1. In each instance 
there were 2 separate active fractions of which 
one migrated toward the anode, the other 
toward the cathode. In the anionic activity 
the human transaminase always moved the 
fastest, the canine transaminase the slowest. 
On the other hand, differences in the rates of 
migration among the cationic enzymes are not 
necessarily significant. The ratios of the sum 
of cationic to the sum of anionic activities 
were 1.15, 0.72 and 1.37, respectively, for hu- 
man, porcine, and canine heart. These pat- 
terns were obtained with 1 to 2 mg of tissue 
protein in the presence of serum albumin. In 
the absence of albumin the cationic bands 
were reduced to less than half, while the 
anionic bands were not affected. Increasing 
the amount of tissue protein applied to the 
paper was found to have the same beneficial 
effect as the presence of albumin in the buffer. 

The 2 bands of GOT activity behave dif- 
ferently toward changes in pH shown in Fig. 
2 for dog heart. The activity of anionic GOR 
relatively low at pH 6 and less, rises to a maxi- 
mum near pH 7.7, while the cationic GOT has 
a constant activity over this pH range. The 
former curve corresponds to that obtained 
with human serum(3) and with purified en- 
zyme from pig heart(1). 

The dependence of the 2 enzymatic activi- 
ties on substrate concentrations was investi- 
gated at pH 6.0 and 7.4. The Michaelis con- 
stants determined from Lineweaver-Burk plots 
are summarized in Table I. The constants 
for L-aspartate at optimal concentration of 
a-ketoglutarate show striking differences, in- 
dicating that cationic enzyme has much 
greater affinity than the anionic for this sub- 
strate. On the other hand the latter enzyme 
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TABLE I. Michaelis Constants for 2 GOT Frac- 
tions from Canine Heart. 


GOT 
fraction pH 


Km for a-keto- 
glutarate, moles/1* 


Km for L-aspar- 
tate, moles/It 


Cationie 6.0 ROSS SS LOR 2.48 < 107% 
7.4 Ea SS <a AAU) Soy Me 
Anionic 6.0 cg xX Geak et aos Nk ee 
7.4 Dice: IE SE ie 
* With 66.7 X 10 moles/1 of L-aspartate. 
ean e3 5 xonn7? 5 ” a-ketoglutarate. 


¢ Inhibition above 4 X 10% moles/1 of a-ketoglu- 
tarate. 

§ Km = 21.9 & 10% moles/] at 3.33 & 10° moles 
/\ of a-ketoglutarate. 


showed greater affinity for a-ketoglutarate 
than the former, but was inhibited at pH 6.0 
by concentrations above 4 x 10? moles/1. 

On the basis of these data a differential test 
at these 2 pH values was devised for the pur- 
pose of calculating the proportion of the 2 
GOT activities in unfractionated extracts. At 
pH 7.4 the sum of both activities was meas- 
ured with an excess of both aspartate and a- 
ketoglutarate; at pH 6.0 cationic GOT was 
determined in almost complete exclusion of 
anionic GOT by using a high concentration of 
a-ketoglutarate and a low concentration of 
aspartate. The activity quotients (activity at 
pH 6.0 divided by activity at pH 7.4) are 
summarized in Table II. They were 0.415 to 
0.472 for cationic fractions of cardiac muscle 
and liver from different species, and 0.023 to 
0.027 for anionic fractions. The quotients 
found in crude extracts of heart (Table III) 
indicate a distribution comparable to that 
which the electrophoretic separation of similar 
extracts had shown (Fig. 1). It is of interest 


TABLE II. Activity Quotients (Results at pH 
6.0/Results at pH 7.4) of Cationic and Anionic 
GOT. 

Quotient 
Souree Jationic GOT Anionic GOT 
Heart Dog 452 .026 
Man 465 026 
Pig 415 023 
Liver Dog 472 027 


that the ratio between activities in canine and 
human liver is similar to the ratio between ac- 
tivities in the 2 kinds of heart, while serum 
from 3 patients with myocardial infarction 
and one with acute viral hepatitis gave indica- 
tions for only small portions of cationic trans- 
aminase (Table III). 

We have also studied the electrophoretic 
behavior of glutamic-pyruvic transaminase in 
heart and liver. There was no indication, 
however, for the presence of more than one 
component. 

TABLE III. Activity Quotients (Results at pH 


6.0/Results at pH 7.4) of Extracts and Serums, 
and Caleulated Portions of Cationic Transaminase. 


Cationic. 
Souree Quotient GOT, % 

Crude extracts 
Heart Dog 281 60 
Man .241 49 
Pig .203 46 
Liver Dog 259 51 
Man .248 oil 

Serums 

Myocardial infarction 057 7 
067 9 
074 11 
Infectious hepatitis 053 6 


We are presently engaged in purification of 
cationic GOT. 

Summary. By use of paper electrophoresis 
of crude extracts of heart and liver, 2 frac- 
tions with GOT activity were obtained, one of 
which migrated toward the anode and showed 
the known characteristics of serum GOT, 
while the other migrated toward the cathode 
and exhibited different affinities for both a- 
ketoglutarate and L-aspartate. 


Je yenkins ws Wee. phantisss DmAcmSizeram lames 
J. Biol. Chem., 1959, v234, 51. 

2. Lis, Halina, Biochim. & Biophys. Acta, 1958, 
v28, 191. 

3. Karmen, Arthur, Wroblewski, F., LaDue, J. A., 
J Clin. Invest., 1955, v34, 126. 
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Transplantation of Leukemoid Leukocytes in Irradiated Mice. 


L. H. Smiru, R. A. Popp anp W. St. AMAND* 


(25470) 


(Introduced by Charles C. Congdon) 


Biology Division, Oak Ridge National Laboratory,t Oak Ridge, Tenn. 


Transplantation and proliferation of in- 
fused bone marrow in several different species 
of lethally X-irradiated animals is well estab- 
lished(1); stem cells are believed to be in- 
volved. It is not known, however, whether 
one or more types of stem cells participate. 
One approach lies in the use of preparations 
containing fewer cell types than bone marrow. 
Isolation of a near-homogeneous cell popula- 
tion from bone marrow suspension by differ- 
ential centrifugation has been successful, but 
not to the extent of concentrating or clearly 
identifying an effective cell type(2). That 
leukemoid leukocytes of leukemoid blood? im- 
prove 30-day survival of lethally irradiated re- 
cipients suggested the potential usefulness of 
these cells better to define the cell type(s) re- 
sponsible for transplantation because (a) 
there appear to be fewer cell types in leuke- 
moid blood than in bone marrow, and (b) 
there is evidence that these cells proliferate in 
irradiated mice in a manner similar to that of 
bone marrow(3,4). About 90 to 95% of leuke- 
moid leukocytes are mature, normal-looking 
granulocytes that presumably are not capable 
of further division and therefore would not be 
able to transplant and proliferate. The re- 
maining leukocytes are small lymphocytes and 
various sized mononuclear cells with a spheri- 
cal or irregular nucleus. Leukemoid blood 
does not appear to contain nucleated erythro- 
cytic cells although the reticulocyte count is 
frequently elevated. Megakaryocytes have 
never been observed in leukemoid blood. The 
purpose of our study was to clarify further 
the potential of leukemoid leukocytes to trans- 
plant and give rise to erythrocytes in lethally 
irradiated mice. A preliminary autoradio- 

* Present address: Dept. of Biology, Univ. of 
Mississippi, University, Miss. 

t Operated by Union Carbide Corps for Uns: 
Atomic Energy Comm. 

+ Growth of a particular transplantable squamous 
cell carcinoma in the mouse produces an extreme 
granulocytosis (leukemoid reaction) (6). These 
leukocytes are referred to as leukemoid leukocytes. 


graphic study was made of these leukocytes 
that had been incubated in vitro with H®-thy- 
midine. 

Methods. Both SeCS and BALB/c strains 
of mice were exposed to a dose of 250-kv X 
rays|| that was 100% lethal to control animals 
by day 14 (i.e., SeC 800 r, BALB/c 750 r). 
Leukemoid leukocytes were separated from 
tumor-bearing mice [SeC or (BALB/c X A) 
Fi] by sedimentation of erythrocytes with 
dextran.1 Within 4 hours after irradiation, 
each experimental mouse (BALB/c or SeC) 
received intravenously ~ 100 & 10® nucleated 
homologous leukemoid leukocytes. Popp e¢ al. 
(5) have shown that genetic differences in he- 
moglobin patterns can be used as markers to 
identify donor- and host-type erythrocytes in 
irradiated mice given homologous bone mar- 
row. Therefore, hemoglobin from tail blood 
samples was subjected to starch gel electro- 
phoresis at several intervals after treatment. 
The hemoglobin patterns were characterized 
as single type, diffuse type, or mixtures of sin- 
gle and diffuse. The SeC strain has a single 
type hemoglobin pattern and the BALB/c, or 
the hybrid (BALB/c x A)F,, has a diffuse 
type. Jn vitro uptake of H®-thymidine by leu- 
kemoid leukocytes was studied autoradio- 
graphically. Freshly drawn leukemoid blood 
was incubated (~ 24°C) with H*-thymidine 
(1.0 pc/ml of whole blood). Blood smears 
were made at hourly intervals up to 7 hours. 
Smears were dipped in NTB 2 liquid emul- 
sion, exposed for 14 days, and stained with 
Wright-Giemsa. 

Results. In 3 lethally irradiated SeC mice 
given leukemoid leukocytes from (BALB/c 
 A)F, donors, the percentage of diffuse- 
type hemoglobin was 0% on day 15, ~ 25% 
on day 46, and 100% by day 77. The hemo- 


§ Obtained from Dr. W. L. Russell of the Biology 
Division, Oak Ridge National Lab., Oak Ridge, Tenn. 

|| hvl, 0.5, mm of Cu; ~ 160 r/min; 15 ma. 

‘| Grade HH; average mol. wt. 275,000; 3% in 
Tyrode’s solution; R. K. Laros Co., Bethlehem, Pa. 
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FIG. 1. Starch gel electrophoresis patterns of 

hemoglobin: <A, normal (BALB/e xX A)F,; B, 

normal SeC; C, 800 r SeC given leukemoid leuko- 

cytes from (BALB/c X A)F,, 77 days after treat- 
ment. 


globin pattern for one of these SeC mice (77 
days after treatment) and the control patterns 
are shown in Fig. 1. A similar appearance 
rate of donor-type hemoglobin was observed 
in 2 irradiated BALB/c mice given leukemoid 
leukocytes from SeC tumor-bearing mice. 


After 1 and 7 hours incubation with H®- 
thymidine, about 1 and 2.5%, respectively, 
of leukocytes of leukemoid blood were labeled. 
Several cell types incorporated the isotope, 
principally mononuclear cells and granulo- 
cytes with a ring nucleus (Fig. 2). Many of 
the labeled mononuclear cells stained poorly 
and could not be further characterized. Most 
labeled cells contained 10 to 60 grains. Small 
lymphocytes and segmented polymorphonu- 
clear cells were not labeled. There was no 
apparent change in the spectrum of cell types 
labeled as incubation time was increased. 

Discussion. The data show that, in the 
circulation of mice with a leukemoid condi- 
tion, there are cells capable of transplanting 


TS) 


and giving rise, through division and differen- 
tiation, to mature erythrocytes in lethally ir- 
radiated recipients. From indirect evidence, 
it was suggested that transplantation of leu- 
kemoid leukocytes in irradiated recipients oc- 
curs in a manner similar to that of bone mar- 
row(3). Merwin(4), using a Harderian 
gland rejection method, obtained direct proof 
that hematopoietic tissue is repopulated by 
leukemoid blood. She interpreted her results 
to mean that many of the marrow and lymph 
node cells of donor type proliferated in irradi- 
ated mice. We found (Smith and Congdon, 
unpublished observation) that ‘recovery of 
peripheral blood cell elements is the same 
whether isologous bone marrow or leukemoid 
leukocytes are given. It is conceivable, there- 
fore, that certain leukemoid leukocytes are 
potential precursors for all types of leukocytes 
and for platelets as well as erythrocytes. 


According to results of many recent studies, 
in vitro uptake of H®-thymidine by certain 
types of leukemoid leukocytes indicates that 
DNA synthesis occurred in these cells. A few 
of these labeled elements are large mononu- 
clear cells that have staining characteristics of 
young forms—viz., nucleus containing finely 
divided chromatin, deeply basophilic cyto- 
plasm. Incorporation of thymidine by some 
of these cells suggests that they are responsi- 
ble for the transplantation phenomenon in 
lethally irradiated recipients. Our data show, 


in addition, that some granulocytic cells with 


D 


FIG. 2. Autoradiograms of leukemoid blood ineu- 
bated 1 hr with H*-thymidine in vitro; 14-day ex- 
posure. A, ring granulocyte; B, mononuclear cells; 
C, mononuclear cell with immature characteristics ; 
D, ring granulocyte and 2 mononuclear cells. 
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a ring-form nucleus also incorporate thymi- 
dine. Whether these cells are young or ma- 
ture cannot ‘be determined decisively. Some 
of these cells have a pale cytoplasm and a nu- 
cleus containing coarsely divided chromatin 
(mature forms); others have a basophilic cy- 
toplasm and a nucleus containing finely di- 
vided chromatin (young forms). If we as- 
sume that mature forms are not able to divide, 
thymidine incorporation into these cells would 
indicate ploidy, or possibly turnover of thy- 
midine, rather than potential to divide. It 
is not likely that the labeled ring forms arose 
from labeled precursors since the number of 
labeled rings did not increase as incubation 
time increased, nor was there a reduction in 
the number of grains over the ring forms. 
Summary. Using hemoglobin markers to 
identify donor- and host-type erythrocytes, we 
have demonstrated that cells in the leukocyte 
fraction of leukemoid blood are capable of 
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transplanting and giving rise to mature eryth- 
rocytes of donor type in lethally irradiated 
mice. Autoradiograms showed that several 
cell types in leukemoid blood incorporate H®- 
thymidine in vitro. 


We wish to thank Mr. W. D. Gude of the Biology 
Division for making the autoradiographs. 
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(Introduced by T. H. Jukes) 


Nutrition and Physiology Dept., Lederle Labs., American Cyanamid Co., Pearl River, N.Y. 


Kinetin (6- furfurylaminopurine) — was 
shown by Miller et al.(1,2) to be a cell divi- 
sion factor for tobacco pith tissue in tissue 
culture. This compound, originally isolated 
from aged or heated deoxyribonucleic acid 
(DNA) by these workers, was shown by Hall 
and de Ropp(3) to be essentially an artefact 
with respect to DNA. The latter workers es- 
tablished that the presence of kinetin in DNA 
was due to fortuitous interaction of adenine 
with 2-deoxyribose. Since the discovery of 
kinetin, a number of reports have described 
the influence of this compound and related 


*We are indebted to G. S. Redin and M. E. 
McCoy for permission to include their in vivo data. 
We acknowledge suggestions and encouragement of 
Drs. J. A. Brockman and T. H. Jukes throughout 
this work. 

t Present address: Dept. of Exp. Therapeutics, 
Roswell Park Memorial Inst., Buffalo, N. Y. 


compounds in several diverse biological sys- 
tems. In the bacterial field, Lansford e¢ al. 
(4) have shown that kinetin and certain 
other 6-(substituted amino) purines will aug- 
ment inhibition of Lactobacillus arabinosus by 
2,4-diamino-6,7-diphenylpteridine. Braun (5) 
has demonstrated that kinetin will shift the 
population of a culture of mixed rough and 
smooth Brucella suis in favor of the smooth 
cells. This shift is the reverse of that in the 
absence of kinetin. The increasing incidence 
of infections caused by antibiotic-resistant 
staphylococci has prompted us to examine the 
effects of kinetin and related compounds on 
these microorganisms. In this paper we wish 
to report that kinetin (and some analogs) will 
enhance the action of chlortetracycline (CTC) 
against an antibiotic-resistant strain of sta- 
phylococcus in vitro. 


Materials.  Kinetin, 6-(3-pyridylmethyl- 
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TABLE I. Effect of Kinetin and Its Derivatives on Bacteriostatic Action of Chlortetracyecline 
for 8. albus 69R. 


-———— No. of colonies (  10-°) /m] — 
Cone., Compound + 
: y/ul, of Saline Compound CTC perse, 50 y/ml of 
Compound compound control per se 50 y/ml CTC 
Kinetin ai 2.47 2.12 2.09 00 
1.0 2.47 2.42 2.09 .00 
4.0 2.35 2.22 2.09 70 
Kinetin riboside 4.0 2.43 2.40 2.50 85 
6-(38-pyridylmethylamino) -purine 4.0 2.43 2.43 2.50 1.69 
6-(3-pyridylmethylamino ) -9-D- 4.0 2.43 2.44 2.20 1.69 
ribofuranosylpurine 
6-(Dimethylamino)-9-D-(3-deoxy- 4.0 2.43 2.40 2.51 50 
3-amino )-ribofuranosylpurine 
6-(Dimethylamino) -9-D-ribo- 5.0 2.26 2.46 2.14 1.35 
furanosylpurine 
Adenosine 5.0 2.35 2.37 2.66 2.37 
amino) purine, 6-(2-pyridylmethylamino) cocci to clump, the plate counts reported in 


purine, 6-benzylaminopurine, 6-(N-methyl- 
benzylamino) purine, and 6-furfurylthiopur- 
ine were obtained from Dr. M. W. Bullock 
(6). Kinetin riboside(7), 6-(3-pyridylme- 
thylamino)-9-D-ribofuranosyl purine(7), 6- 
dimethylamino-9-D-ribofuranosyl  purine(8) 
and 6-dimethylamino-9-(D-3-deoxy-3-amino) 
ribofuranosyl purine(9) were obtained 
through Dr. H. Kissman. The 2 indole ana- 
logs, 6-| (8-indoyl-3-ethyl)-amino| purine, 6- 
{| B-(S-methyl-3-indoyl) ethyl] amino} pu- 
rine, were synthesized in this laboratory by 
Mr. R. Haselkorn using a general method(6) 
whereby the corresponding indoylethylaminet+ 
was condensed with 6-chloropurine. The 
microorganism used throughout the course of 
the experiments was Staphylococcus albus 
69R (Micrococcus pyogenes var. albus 69R). 
It was a hospital isolate obtained from Mr. 
A. C. Dornbush of these laboratories. 
Methods. Tubes of trypticase-soy (TS) 
broth containing the adducts (total vol. 6 ml) 
were warmed to 37° then inoculated with 0.1 
ml of a 1 x 10° dilution of a 6 hour (late ex- 
ponential phase) TS broth culture of S. albus 
69R. After 24 hours incubation at 37° the 
cultures were serially diluted and plated on 
to TS agar. The plates were incubated for 
24 hours at 37°. Four plates were made per 
tube and tubes were run in duplicate or tripli- 
cate. Because of the tendency of staphylo- 


+ We are indebted to Dr. S. Davis for supplying 
indole precursors used in these syntheses. 


Table I are essentially viable units/ml. The 
growth curves were run with TS broth cul- 
tures started as above except 18 hour cultures 
were used for the inoculum. Optical density 
readings were made at 610 mp. Jn vivo infec- 
tion. Infections were produced in CFI white 
mice, females 17-20 g (Carworth Farms) by 
intraperitoneal injection of 0.5 ml of a 1 x 
10° dilution of 5 hour TS blood broth cul- 
tures of Micrococcus pyogenes var. aureus, 
strain Smith. Kinetin and the antibiotics were 
suspended in 0.2% aqueous agar. Eleven 
groups of 10 mice each were pretreated with 
kinetin by subcutaneous injection with 0.5 ml 
doses of 64 mg/kg/dose at 24, 6 and 0.5 hours 
prior to infection. Within 0.5 hour after in- 
jection the mice were treated subcutaneously 
with CTC or tetracycline in graded doses. A 
parallel series of non-kinetin treated animals 
was run simultaneously plus the following 
controls. One group treated with kinetin but 
not infected, 2 groups not treated with kine- 
tin but infected, and one group not treated 
with kinetin and not infected. Heart blood 
cultures were made routinely from mice dy- 
ing 6 days postinfection. All such mice 
showed the infecting organism. 


Results. Staphylococcus albus 69R will 
grow in broth culture in presence of at least 
125 y/ml of CTC. The data in Table I show 
growth of this microorganism as reflected by 
plate counts in the presence of CTC or kine- 
tin, and in the presence of a combination of 
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FIG. 1. Effect of kinetin on the response of S. 
albus 69R to CTC. 

FIG. 2. Effect of 6-(methylbenzyl) aminopurine 
(6-MBAP) on the growth of S. albus 69R in the 
presence and absence of CTC, 


FIG. 3. Effect of 6-f [2-(5-methyl-3-indolyl) ethyl] ] 
amino \-purine [5-MIP] on the growth of S. albus 
69R in the presence and absence of CTC. 


the two. Neither kinetin nor CTC by them- 
selves influenced plate counts after 20 hours 
of growth, but the combination reduced cell 
counts by at least 100-fold. Other kinetin 
analogs listed in Table I gave the same result 
to a lesser degree. There was no advantage in 
using kinetin riboside and neither did the ribo- 
side of 6-(3-pyridylmethylamino)-purine have 
an advantage over the free base. Adenosine 
was inactive at the level tested. 

A more accurate picture of the potentiation 
of CTC by kinetin was obtained by studying 
turbidimetric growth curves of S. albus 69R in 
presence of CTC and the kinetin compounds. 
Fig. 1 shows that 25 y/ml of CTC alone ex- 
tends the lag phase of growth, although ex- 
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ponential growth rate and total growth were 
essentially the same as the control. This ef- 
fect per se of sublethal amounts of antibiotics 
on growth of resistance cells has been studied 
in detail(10). For our purposes here the 
relative lag periods are of interest. Kinetin 
by itself at a level of 1 y/ml had no effect on 
the course of growth of S. albus 69R, but in 
combination with CTC the length of the lag 
phase was considerably extended over that of 
CTC alone. These data show that plate count 
differences reported in Table I are not neces- 
sarily differences between total growth but 
differences between control cultures at maxi- 
mum growth and experimental cultures still 
in late exponential phase. 


This phenomenon was also studied with 
the kinetin analog, 6-(N-methylbenzylamino) | 
purine (6-MBAP) (Fig. 2). This compound 
itself at a level of 5 y/ml was slightly toxic to 
S. albus 69R as evidenced by a slight increase 
in the lag phase of growth. In combination 
with CTC it was synergistic. Thus apart 
from the inherent toxicity of 6-MBAP there 
seemed to be a potentiation of CTC activity 
analogous to that of kinetin. 


Similar studies were made with 6-benzy- 
aminopurine, 6-furfurylthiopurine, 6-(2-pyri- 
dylmethylamino) purine and 6-methylamino- 
purine. In each case no toxicity was noted 
at 1-10 y/ml level and there was no potentia- 
tion of CTC action. 

A different class of kinetin analogs was 
studied next, namely, indoylethylaminopu- 
rines. The parent compound, 6-| (B-indoyl-3- 
ethyl)-amino] purine I was first prepared by 
Lettré(11) who reported that it was toxic to 
fibroblasts in tissue culture. This particular 
compound at a level of 10 y/ml in the cul- 
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ture had no influence on the shape of 
the S. albus 69R growth curve nor did it 
potentiate CTC. But the 5-methy] analog 
6-{ | B-(5-methyl-3-indoyl) ethy] | amino} pu- 
rine II was slightly inhibitory to S. albus 69R 
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TABLE II. Effect of Pre-infection Treatment with 
Kinetin upon Activity of Subecutaneously Admin- 
istered Chlortetracyeline and Tetracycline against 
Staphylococcus Smith Infection in Mice. (Pooled 


results of 4 separate tests.) 
SS 
Survival on 14th day post-infection 


Without kinetin With kinetin 
pretreatment pretreatment 
Antibiotie - Ae We ~ 
dose, % % 
mg/kg Alive/Total effect Alive/Total effect 
Chlortetracycline treated mice 
2.0 38/40 95.0 40/40 100.0 
1.0 29/40 72.5 37/40 92.5 
5 16/40 40.0 26/40 65.0 
25 4/40 10.0 8/40 20.0 
125 2/20 10.0 1/20 5.0 
Tetracycline treated mice 
4.0 37/40 92.5 40/40 100.0 
2.0 26/40 65.0 35/40 87.5 
1.0 20/40 50.0 27/40 67.5 
3) 5/40 12.5 13/40 32.5 
.25 0/20 0 1/20 5.0, 


Kinetin controls: 95% (38/40) kinetin pretreated- 
infection control mice were dead 
within 2 days post-infection. 
100% (80/80) untreated-infee- 
ted control mice were dead 
within 2 days post-infection. 
Age-conditioned controls: 97.5% (39/40) untreated- 
uninfected control mice 


Infected controls: 


were alive on the 14th 
day when test termi- 
nated. 

at levels of 5-10 y/ml (Fig. 3). A combina- 


tion of this compound with CTC was syner- 
gistic as shown by the increased lag phase of 
growth. 

Kinetin and most of the analogs tested were 
relatively non-toxic to S. albus 69R, yet in 
some way they potentiated the inhibitory ac- 
tion of CTC. We have no evidence as to why 
this occurs; however, the effect would seem to 
be more than an anti-metabolic one. The 
question arises whether the effect is related to 
stimulation of cell division by kinetin in some 
plant systems(1,2,3). Guttman(12,13), in a 
cytological investigation of meristematic onion 
root cells grown in solutions of kinetin found 
that kinetin seemed to influence metabolism 
of nuclear ribonucleic acid. Perhaps there is 
an analogous effect in staphylococci that 
makes the cell more vulnerable to the action 
of CTC. The potentiation of CTC by kinetin 
was not only observed in vitro but was also 
demonstrated in an in vivo system. In coop- 
eration with Mr. G. Redin and Miss E. 
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McCoy, studies were made with an infection 
of Micrococcus pyogenes var. aureus, strain 
Smith, in mice. This is a CTC-sensitive or- 
ganism. Its use was necessitated by the un- 
availability of a mouse-virulent CTC-resis- 
tant staphylococcus. Data in Table II show 
that the activity of both CTC and tetracy- 
cline was augmented by treating the mice with 
kinetin prior to infection. Application of the 
statistical method of Litchfield and Wilcoxon 
(14) for evaluation of dose-effect experiments 
showed that the combination of CTC and 
kinetin was 1.5 times as active as CTC alone 
(95% confidence limits 1.1-2.0) and the tetra- 
cycline-kinetin combination was 1.8 times as 
active as tetracycline alone (95% confidence 
limits 1.3-2.5). These data demonstrate first, 
that kinetin will enhance the activity of the 
tetracyclines in vivo and second, that enhance- 
ment of antibiotic activity by kinetin also oc- 
curs with an antibiotic-sensitive staphylo- 
coccus. 

Summary. 1. Kinetin, although non-toxic 
to an antibiotic-resistant strain of Staphvlo- 
coccus albus, augmented the action of chlor- 
tetracycline against this microorganism in 
vitro. 2. Some other 6-(substituted amino) 
purines had this property. 3. Kinetin caused 
a slight but statistically significant increase in 
activity of chlortetracycline and tetracycline 
against an  antibiotic-sensitive strain of 
Staphylococcus aureus in mice. 
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White Carneau pigeons (both male and fe- 
male) develop spontaneous atherosclerosis in- 
volving aorta and coronary arteries, while 
Show Racer pigeons appear resistant to 
atherosclerosis(1,2). | Despite striking dif- 
ferences in incidence of the disease, the 2 
breeds do not differ significantly in serum lev- 
els of total lipides, cholesterol (free or ester), 
or phospholipides(3). Studies on man(4,5,6) 
and experimental animals(7,8,9) indicated 
that atherosclerosis may be associated with 
changes in levels of serum lipoproteins, espe- 
cially increases in beta-lipoproteins. Accord- 
ingly, we thought it of interest to compare 
atherosclerosis-susceptible and resistant pi- 
geons for possible differences in levels of beta- 
lipoproteins, as determined by agar precipita- 
tion method of Boyle and Moore(10). It 
soon became apparent that enormous fluctua- 
tions occurred in the K-agar A? values ob- 
tained for female pigeons. These results, and 
those of a more detailed study of serum lipides 
in pigeons are reported here, together with ob- 
servations on reliability of the K-agar precipi- 
tation technic. 

Materials and methods. White Carneau 
and Show Racer pigeons ranging in age from 
6 weeks to 7 years from Palmetto Pigeon 
Plant, Sumter, S.C., were maintained on com- 

* Supported by grants from Nat. Heart Inst. and 
Am. Heart Assn. 

t The authors are indebted to Dr. J: S. King’ for 
electrophoretic analyses, and to Katherine King for 
valuable technical assistance. 

i K-agar A is defined as optical density of sample 
of serum mixed with buffer and a solution of K-agar, 
minus optical density of a blank consisting of serum 
plus buffer. 


mercial pigeon rations (mixtures of corn, peas, 
wheat, kaffir, and minerals). Blood samples 
were obtained from the alar vein. On one 
sample of serum (within one to 5 hours after 
drawing), the K-agar A values were deter- 
mined(10). Another sample of whole blood 
was mixed with ACDS solution and centri- 
fuged, and the supernatant subjected to low- 
temperature alcohol fractionation, as de- 
scribed iby Lever, e¢ al.(11). This procedure 
yielded 2 fractions, one containing alpha-lipo- 
proteins, and the other beta-lipoproteins. Li- 
pides were extracted from each fraction with 
boiling alcohol and alcohol-ether, and purified 
with chloroform(12). “Total lipides” of 
each extract were determined by weight and 
an aliquot was used for determination of total 
cholesterol by the method of Zlatkis, et al. 
(13), as modified by Rosenthal, et al.(14). 
On another aliquot, lipide phosphorus was de- 
termined according to Stewart and Hendry 
(isis 

Results. Values for K-agar A and total 
cholesterol in serum of sexually mature pi- 
geons of the 2 breeds are shown in Table I. 
These birds were actively reproducing. No 
significant difference in levels of beta-lipopro- 
tein exists among males of the 2 breeds. The 
extremely wide range of K-agar A values de- 
termined on female birds, however, suggested 
that these values were influenced by sequence 
of events in the ovulatory cycle, thus making 
difficult any comparison we could make be- 
tween females of the 2 breeds. This sugges- 
tion is supported by results of K-agar A de- 


§ ACD Solution: Citric acid monohydrate 0.8%, 
sodium citrate (2H,O) 2.2%, and dextrose 2.2%. 
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TABLE I. Serum Beta-Lipoproteins and Total Cholesterol in 2 Breeds of Pigeons 


Beta-lipoproteins* 


No, of Total choles- 
Breed birds Avg age Sex Range Avg andS.h. terol, mg %t 
White Carneau 18 2.8 yr fim 920069 Sa0ce ost © waoTo =e 120 
11 14” fe} 24-148 78.4 + 16.4 468.5 + 23.0 

Show Racers 11 ney ies a 13- 61 27.84 4.1 390.3 + 24.9 
18 Shae ae Q 19-512 173.7 + 44.8 434.7 + 25.7 

11- 90 4044+ 3.8 401.4 + 15.9 


White Carneau 130 6 wk Mixed 


* K-agar A value (see footnote 1). 


terminations on 130 six-week-old White Car- 
neau pigeons of both sexes. From these re- 
sults, also included in Table I, it appears that 
sexually immature birds have serum lipopro- 
tein values very similar to those of older 
males. 

To gain more information on changes in 
serum lipides during the ovulatory cycle, 
these changes were followed systematically in 
2 pairs of mated White Carneau pigeons. 

_ Beta-lipoprotein cholesterol (expressed as % 
total cholesterol) and K-agar A values for 
one pair of birds are shown in Fig. 1. In 
the male, only about 30% of total cholesterol 
is carried in the beta fraction, and low K-agar 
A values are found consistently. The female, 
on the other hand, shows a sharp rise in both 
beta-lipoprotein cholesterol and K-agar A val- 
ues approximately 30 days following egg lay- 
ing. It appears that there is a shift in trans- 
port of cholesterol from alpha to beta fraction 
at this time. Shortly after these changes oc- 
curred, a new egg was laid. 

_ Further evidence for the striking difference 
between male and female in quantitative as- 
pects of lipide transport was obtained by sub- 
jecting serum samples, taken 30 days after 
egg laying, to electrophoresis in Spinco Model 
H Electrophoresis apparatus (Fig. 2). Dif- 
ferences between male and female patterns 
are obvious, and are similar to those described 
for chickens by Moore(16). 

In addition to cholesterol, serum total 
lipides and phospholipides also undergo a 
shift from alpha to beta lipoprotein (Fig. 3, 
in which the values (obtained from a different 
female pigeon) are expressed as per cent of 
lipide component present in the beta-lipopro- 
tein). In the female, however, there is no posi- 
tive correlation between K-agar A values and 
total cholesterol in serum. Whereas serum 


+ Avg value and stand. error of mean. 


total lipides and phospholipides rise sharply 
at time of egg laying, there is no accompany- 
ing rise in serum total cholesterol (Fig. 4). 
Boyle and Moore state that in humans K- 
agar values are positively correlated with to- 
tal serum cholesterol. It might be pointed 
out, of course, that there is no assurance that 
the substances precipitating with K-agar in 
human serum are qualitatively and quantita- 
tively identical with those obtained by the 
same technic from pigeon serum. 

Discussion. It has long been known that in 
serum of birds, lipides are raised considerably 
during egg-laying activity(17,18,19,20). Our 
data suggest that female pigeons, during their 
reproductive life, undergo regular periodic 
shifts in lipide transport from alpha- to beta- 
lipoprotein. These shifts are accompanied. by 
increases in total phospholipides and by 
marked decreases in  cholesterol/phospho- 
lipide ratios. It seems logical to assume that 
the changes observed are under the influence 
of changes in estrogen production. Somewhat 
similar changes in distribution of lipides be- 
tween various lipoprotein fractions in serum 
of hens during the ovulatory cycle are also 
apparent from data of McIndoe(19). This 
author describes appearance of a new lipopro- 
tein fraction just prior to egg-laying. This 
fraction may possibly be the precursor of a 
dense lipoprotein isolated from egg yolk by 
Schjeide and Urist(20). 

Pick, ef al.,(21) reported that cholesterol- 
fat fed chicks exhibited high cholesterol / 
phospholipide ratios, and extensive coronary 
atherosclerosis. When these chicks were 
treated with estrogen, they were free of cor- 
onary lesions and the cholesterol/phospholi- 
pide ratio was lowered, suggesting a protective 
action of estrogen against coronary athero- 
sclerosis. It appears that this view cannot 
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FIG. 1. Comparison of K-agar A values, and beta-lipoprotein cholesterol in one pair of 
White Carneau pigeons during an ovulatory cycle. 


FIG. 2. 


Electrophoresis of serum from male and female White Carneau pigeons. 
samples drawn 30 days after last egg was laid. 


Blood 


FIG. 3. Changes in % of cholesterol, total phospholipides, and total lipides carried in beta- 
lipoproteins during ovulatory cycle of female White Carneau pigeon, 

FIG. 4. Changes in total cholesterol, total phospholipides and total lipides in serum of a fe- 
male White Carneau pigeon during an ovulatory cycle. 


be easily extended to spontaneous athero- 
sclerosis of pigeons. We previously reported 
lack of sex difference (hence estrogen protec- 
tion) in incidence of aortic atherosclerosis in 
White Carneau and Autosexing King pigeons 
(3), and recently included coronary athero- 
sclerosis in the same age group(2). Further- 
more, from previous(3) and present data, it 
appears that although cholesterol/phospho- 
lipide ratio decreases periodically in female 
pigeons, these birds are not protected against 
atherosclerosis. Differences between results 
of Pick e¢ al.,(21) and ours might be a reflec- 
tion of the fundamental difference between the 


disease produced by cholesterol feeding and 
that occurring spontaneously in pigeons. 

We compared these findings with the state- 
ment that in human beings, high levels of 
beta-lipoprotein cholesterol in serum may be 
associated with occurrence of myocardial in- 
farction(S). In man, estrogen administration 
results in increased concentration of choles- 
terol in alpha-lipoproteins(22), while in the 
female pigeon the response to increased pro- 
duction of estrogen is in the opposite direc- 
tion. Lack of a sex difference in incidence of 
atherosclerosis in pigeons makes doubtful any 
causal relationship between altered distribu- 
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tion of lipides in lipoproteins and atherogene- 
sis in this species. 

Summary. 1) Using the agar precipitation 
method and low temperature fractionation for 
determination of beta-lipoproteins, amounts of 


beta-lipoproteins, total lipides, phospholipides, 
and cholesterol in serum of atherosclerosis- 
susceptible and resistant breeds of pigeons 


were compared. The agar precipitation meth- 
od seems a reliable method for estimating lev- 
els of beta-lipoprotein cholesterol in serum. 
2) No significant differences were seen when 
male birds of the 2 breeds were compared. 
Lipoprotein levels of females varied within 


wide limits, probably due to phospholipemia 


associated with egg-laying activity. Such ac- 
tivity is accompanied by increased proportion 
of cholesterol in beta-lipoproteins. At time of 


egg-laying, total lipides and total phospholi- 


pides (but not total cholesterol) are increased 
in the serum. Thus, such cyclic changes ap- 
pear to produce a more “favorable” (i.e., low- 
ered) cholesterol/phospholipide ratio. In 
contrast to cholesterol-fat fed chicks, female 
pigeons of susceptible breed are not protected 
against aortic or coronary atherosclerosis. 
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The renal tubule has been demonstrated to 
be capable of excreting a number of organic 
bases by an active transport system. Tetra- 
ethylammonium(1,2), n-methylnicotinamide 
(3), tolazoline (Priscoline) (4), choline and 
thiamine(5) represent a few of these com- 


* This study was supported by grant from Nat. 


Insts. of Health. 


pounds, most of which are quaternary am- 
monium compounds. Studies of competitive 
inhibition among this series indicate that the 
substances are transported by a common sys- 
tem. Excretion by the renal tubule of the 
chicken has been demonstrated for all of 
these substances. This study describes the 
renal tubular excretion of riboflavin (6,7-Di- 
methyl-9-1 (d-l’-ribityl-) iso-alloxazine) in the 
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chicken and demonstrates that it shares the 
transport system for one of the organic bases 
previously studied. 

Methods. The renal tubular excretory 
rates of the various compounds in question 
were determined in unanesthetized hens (1.8 
to 3 kg) according to method previously de- 
scribed by Sperber(6), Lindahl and Sperber 
(7) and by Rennick e¢ al.(2,8). The com- 
pounds were infused at a constant rate into 
the renal portal circulation of one kidney via 
the ipsilateral saphenous vein, urine being col- 
lected separately from ureters of the 2 kidneys 
during successive 10-minute periods. The 
rate of renal tubular excretion of any given 
compound, by the kidney on the infused side, 
is expressed as the Apparent Tubular Excre- 
tion Fraction (ATEF), according to the for- 

Exc; — Excg 
mula > 100, in which Exc, rep- 
INF 
resents rate of total urinary excretion of 
the compound on the infused side, Exc de- 
notes rate on the contralateral side, and INF 
represents rate of infusion, all expressed in the 
same units. Thus, the ATEF expresses excess 
of the infused compound excreted by tubules 
of the infused kidney as a percentage of 
amount infused. It should be pointed out that 
the renal portal circulation is not obligatory 
since only a portion of the saphenous venous 
blood is diverted to the ipsilateral kidney and 
its tubules. The proportion of blood thus di- 
verted and the proportion which bypasses the 
ipsilateral kidney to enter the renal vein and 
thus the systemic venous circulation are con- 
trolled by a muscular valve interposed be- 
tween renal portal and renal veins. As index 
of the proportion of saphenous venous blood, 
and hence of injected compound, which does 
enter the portal circuit, excretion of p-amino- 
hippuric acid (PAH), infused simultaneously, 
was measured in all experiments at levels well 
below the Tm. Tubular transport rates of 
various quaternary compounds are therefore 
also expressed as the ratio of their ATEF 
values to that of PAH. Details of procedure 
are given in references cited. Analyses of urine 
and infusion solution for PAH were made by 
the method of Smith e¢ al.(9). Riboflavin 
was determined by measuring transmittance 
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TABLE I. Renal Tubular Excretion of Riboflavin 
(RIB) and PAH in the Chicken. 


ATE 


———Aveg——_ RIB 
CO eYN IEE RIB PAH No. obs. 
45 13 .29 7 
88 36 Al if 
65 27 42 10 
69 20 De 3 
64 25 39 4, 
67 18 27 3 
62 20, 32 3 
54 2S 46 3 
70 19 27 3) 
70 33 47 3 
53 29 54 3 
42 20 48 4 
Avg 62 24 39 53 


in the Beckman DU at 450 mu. The experi- 
ment was done in controlled light and analyses © 
on urine samples and infusion were done im- — 
mediately and protected from light. 
Results. Riboflavin was infused into the — 
renal portal circulation in the hen in doses of 
from 0.06 mol to 0.24 mol/minute. There 
was an ATEF for riboflavin of 24 or an ab- 
solute excess from the infused kidney of 24% 
as an average of 53 observations indicating 
tubular excretion of riboflavin (Table 1D) 
PAH administered simultaneously gave an 


ATEF of 62 and the ATER 2 ae 


PAH 
0.39. There was no consistent relationship 
between dose infused and ATEF resulting, 
so it was concluded that levels were not near 
Tm. The insolubility of riboflavin limited 
the range of concentrations used. 

In an attempt to determine the transport 
system utilized by riboflavin, competitive in- 
hibition by members of organic acid transport 
system and organic base transport systems 
were used. Benemid in a dose of 1500 y/min 
after 30 minutes inhibited both PAH and 
riboflavin to 40% of original transport rate. 
As PAH and riboflavin were usually infused 
simultaneously there was the possibility that 
they were mutually inhibitory. When either 
one was separately infused, addition of the 
other did not affect ATEF. It was apparent 
that in the doses used they did not inhibit the 
transport of each other. 

Quantitative comparison of organic base 
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TABLE IT. Renal Tubular Exeretion of Riboflavin 
and PAH in the Chicken and Inhibition of Ribo- 
flavin Excretion by Priscoline. Avg for 3 experi- 
ments. 
——— 
— LE 


RIB 
PAH RIB PAH No. obs. 
Before Priscoline 
70 Bo sl 3 
53 29 54 5 
42 20 48 4 
Avg 55 PATE 49 10 
After Priscoline 
90 20 22 4 
Sif 14 129 3 
55 6 vale 4 
Avg 67 13 19 11 


transport mechanisms have shown that tolazo- 
line is one of the most potent competitive in- 


Priscoline Infusion |.9 4M/min 


IBOFLAVI 


Oo 10 20 30 40 50 60 70 
TIME IN MINUTES 


\ V 
RIBOFLAVIN INFUSION 0.16 wM/min 


FIG. 1. ATEF for riboflavin and PAH are shown 

before and after addition of tolazoline (Prisco- 

line). Numerals in center represent ATEF ratio 
Riboflavin/PAH. 
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hibitors within the system(10). When tola- 
zoline was added to the infusion of riboflavin 
and PAH, excretion of riboflavin fell and 
PAH was not affected or rose. This was con- 
sidered evidence of participation of riboflavin 
in the organic base transport system selec- 
tively. Fig. 1 shows the results of such an 
experiment. Table II describes results of 3 
experiments in which tolazoline selectively 
inhibited riboflavin transport. In the dose of 
tolazoline used, 1.9 »M/min the tubular ex- 
cretion of riboflavin was reduced 50%. 

Summary. Riboflavin excretion by renal 
tubular cells would seem to use the transport 
system for organic bases. This conclusion is 
based on the fact that tolazoline selectively in- 
hibits riboflavin while not impairing PAH ex- 
cretion. PAH excretion was even enhanced 
by tolazoline presumably as a result of diver- 
sion of more blood to the portal circulation. 
Benemid can inhibit transport of both PAH 
and riboflavin. 
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Etiology of the 1927-28 Epidemic of Dengue in Greece. 


(25474) 


M. THEILER, J. CASALS AND C. MouToussEs 
Rockefeller Fn. Virus Laboratories, N. Y., and Dept. of Microbiology, 
National University of Athens, Greece 


In 1927 and 1928, an extensive epidemic 
disease diagnosed as dengue occurred in 
Greece. It has been estimated that the total 
number of cases probably exceeded one mil- 
lion(1). The vector was, in all probability, 
Aedes aegypti, which was very prevalent. The 
diagnosis of dengue was made entirely on 
clinical grounds, since no satisfactory suscep- 
tible experimental animal was available at 
that time. During recent years, several viral 
agents have been established in mice from 
cases diagnosed as dengue. Two of these are 
known as dengue types I and II(2,3). These 
viruses are distinct from each other, although 
there is quite a marked immunological over- 
lap. Investigators in Israel have shown that 
infections in man with the West Nile virus 
may produce a disease which clinically re- 
sembles dengue(4,5,6). Infections with West 
Nile virus are exceedingly common in the 
eastern Mediterranean, not only in Israel but 
more particularly in Egypt(7). In the latter 
country the infection is endemic, producing 
as a rule only a mild febrile disease in young 
children. Limited serological investigations 
in these laboratories have not shown infections 
with either type I or type II dengue in Egypt. 
The reason for this is probably the scarcity of 
Aedes aegypti in that country. No informa- 
tion concerning the presence of dengue in Is- 
rael is known to the authors. The 2 types of 
dengue and the West Nile virus belong to 
Casals’ group B of immunologically related 
arthropod-borne viruses. An agent which has 
recently been isolated in Tanganyika and 
shown to be the cause of an epidemic, dengue- 
like disease, is a member of Casals’ group A 
(8,9). These 2 groups of agents are com- 
pletely distinct immunologically. It was 
thought of interest to undertake serological 
investigations with sera obtained from resi- 
dents of Athens to determine, if possible, the 
etiology of the ‘dengue’ epidemic which oc- 
curred in 1927-28. In these studies, only the 


possible role of group B agents as the cause of 
the dengue epidemic was considered. 


Materials and methods. In 1958, 56 serum 
specimens were obtained from Athenian resi- 
dents ranging in age from 2% to 70 years. 
These can be divided into 2 groups. The first 
consisted of 27 specimens obtained from in- 
dividuals who were 32 or more years old and 
consequently were living at the time of the 
epidemic. The second group consisted of 29 
specimens obtained from individuals who, at 
the time of bleeding, were 29 years of age or 
younger and thus had been born subsequent to 
the epidemic. For determining the presence 
or absence of antibodies, main emphasis was 
placed on hemagglutination-inhibition (HI) 
tests(10). All sera were tested against 7 dif- 
ferent group B virus antigens: West Nile 
(strain IG 2266), dengue types I and II, Jap- 
anese encephalitis, yellow fever (Asibi), Rus- 
sian spring-summer encephalitis (RSSE) and 
SA H 336. The last named virus is an agent 
closely related to Uganda S(11). 


Results. HI tests. The HI antibodies pro- 
duced following a group B arthropod-borne 
virus infection are not specific in the sense 
that only homologous antibodies are devel- 
oped. Antibodies to related viruses are al- 
most invariably produced, particularly with 
the passage of time; these antibodies are, as 
a rule, at lower titers. 

In the case of the present sera, the results 
of the HI tests, as judged by the number of 
sera positive against each antigen as well as 
by the relative titers that each serum gave 
against the different antigens, led to the con- 
clusion that infection with dengue type I was 
in all probability responsible for the positive 
reactions. Previous experience with dengue 
type I infections in rhesus monkeys had indi- 
cated clearly that this infection leads to pro- 
duction of HI antibodies capable of reacting 
in high titer with a wide variety of group B 
antigens. In the present study, the highest 


+X] 
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TABLE I. Results of Hemagglutination-Inhibition 


Tests. 
No. No. To 
Age No.of sera negative positive positive 
0- 9 14 13 il 
10-19 11 abit 0 3 
20-29 4 4 0 
30-39 4 2 2 
40-49 5 2 3 67 
50+ 18 6 12 


titers of HI antibodies were obtained, as a 
rule, with a dengue type I antigen. In several 
instances, however, titers obtained with the 
IG 2266 strain of West Nile virus were higher 
than those obtained with the dengue type I 
antigen. Although these results seemed to 
suggest that some of the infections in Athens 
might have been due to West Nile virus, it is 
known from extensive studies on Egyptian 
sera that the HI pattern following a West Nile 
infection is characterized by high titers with 
West Nile and low titers with the 2 strains 
of dengue, a pattern quite distinct from that 
observed in the present study. 

The results with dengue type I and West 
Nile antigens indicated that only one of the 
29 sera in the younger age group was positive, 
whereas 17 of 27 (67%) in the older age 
group were positive. The results are sum- 
marized in Table I. 

All sera that reacted did so against dengue 
type I and West Nile antigens, the mean titer 
with both antigens being 1:80. With 8 sera, 
the titer was higher against dengue type I; in 
5 cases, higher against West Nile, and in 5, 
the titers were the same. 

The HI titers obtained with the type I 
dengue ranged from 1:10 to 1:1280, whereas 
the range with the West Nile antigen was from 
1:10 to 1:640. Eight units of antigen were 
used in all cases. 
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With one exception, all the positive sera 
gave the highest inhibition with a dengue 
type I or West Nile antigen. The exception 
was the serum obtained from an individual 
born in 1899. This serum reacted in a dilu- 
tion of 1:80 with a RSSE antigen and in a 
dilution of only 1:10 with dengue type I and 
West Nile antigens. This finding suggested 
that the individual had been infected with 
RSSE virus. 


Neutralization tests. To obtain further in- 
formation, neutralization tests with dengue 
type I and West Nile viruses were done. As 
some of the specimens had been used up, the 
number of sera which could be tested in this 
manner was limited. Mixtures of sera and 
virus were incubated for 1 hour at 37°C be- 
fore intracerebral inoculation into young adult 
mice. Titrations of the virus preparations 
used in the tests indicated that the virus dose 
per mouse was 40 LD; for the West Nile 
virus and 50 LD; 9 for the dengue type I. 
The results are shown in Table II. 


All 28 sera in the test were negative in the 
neutralization test with the West Nile virus, 
whereas 10 gave clear-cut protection with the 
dengue type I virus. .The one serum in the 
younger age group that gave a positive reac- 
tion in a 1:10 dilution in the HI test with a 
West Nile but not with any other antigen, 
failed to exhibit any neutralizing action 
against either the West Nile or the dengue 
type I virus. It is possible that the positive 
reaction obtained with this serum in the HI 
test is due to a technical error. All 10 sera 
positive in the dengue neutralization test 
were also positive in the HI test. One of these 
had shown a higher HI titer with a West 
Nile antigen than with a dengue type I anti- 
gen. The correspondence between the results 


TABLE II. Results of Neutralization Tests. 


Dengue type I West Nile 


Results of No. No. No. No. 
HI tests Agegroup No.ofsera negative positive negative positive 

Negative 0-29 8 8 0 8 0 
= 32-70 9 9 0 9 0 
Positive 0-29 1 i 0 1 0 
32-70 10 0 10 10 0 

Total 28 18 10 28 0 
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obtained with the HI and the neutralization 
tests with dengue type I virus was remarkably 
good. 

As mentioned above, the HI studies had in- 
dicated the possibility that one of the donors 
had undergone an infection with RSSE virus. 
In a neutralization test with RSSE virus, this 
serum neutralized 300 LDs5o of the virus, 
whereas 3 HI negative sera showed no neu- 
tralizing action. The donor of this serum had 
lived all his life in Greece. 

These results indicate clearly that the epi- 
demic of dengue in Athens in 1927-28 was, 
in all probability, due to a dengue type I 
virus. There is no evidence that any West 
Nile infections occurred. The high titers ob- 
tained in HI tests with a West Nile antigen 
are possibly the result of the high reactivity 
of the antigen used. Antigens prepared with 
the IG 2266 strain of West Nile virus used 
in these studies have consistently reacted to a 
higher titer with antisera than antigens pre- 
pared from other strains of West Nile. 

Discussion. These studies have provided a 
unique opportunity for acquiring information 
about the persistence of HI antibodies follow- 
ing a group B arthropod-borne virus infection. 
In most regions where these agents occur, the 
infections are endemic, and individuals are 
exposed to repeated infections by one or more 
group B agents. In the present instance, how- 
ever, the complete absence of any group B 
antibodies in the sera of the younger age 
group shows that no group B_ arthropod- 
borne virus infection has occurred in Athens 
since the epidemic of 1927-28. Under these 
circumstances, the close correspondence be- 
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tween the results obtained in the HI and neu- 
tralization tests is good evidence that HI an- 
tibodies persist for at least 30 years after a 
dengue type I infection. 

Summary. The results of serological in- 
vestigations on sera obtained from residents of 
Athens, Greece, indicate clearly that the epi- 
demic of dengue which occurred in that coun- 
try in 1927-28 was, in all probability, due to 
type I dengue virus. Antibodies were dem- 
onstrated in approximately 70% of sera ob- 
tained from persons living at the time of the 
epidemic. Sera from individuals born subse- 
quent to the epidemic were negative. 
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Absorption and Urinary Excretion of Chloramphenicol and 2 Analogues, 


Thiocymetin and U-15,442 in Normal Men.* 
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Following the discovery of chloramphenicol 
and elucidation of its chemical structure, nu- 
merous derivatives were prepared in different 
laboratories. However, in the various test 


systems employed, none of them have shown 


* Aided in part by grant from Nat. Inst. Health. 
t Present address: Univ. of Virginia College of 
Medicine, Charlottesville. 
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antimicrobial activity as great as that of the 
parent compound(1), nor have any thus far 
proved to be as useful therapeutically. The 
possibility remains that certain of the chlor- 
amphenicol derivatives, by virtue of some 
special pharmacologic property, may be more 
desirable than: chloramphenicol as a_thera- 
peutic agent in man. Chloramphenicol has 
been shown to be rapidly inactivated in vivo 
by conjugation with glucuronic acid, and this 
largely accounts for the recovery in urine of 
man of only 5-15% of microbially active, un- 
conjugated drug(2,3,4). | Conceivably a 
weaker derivative which is inactivated much 
more slowly than the parent compound in vivo 
may produce an equivalent or even greater 
amount of antimicrobial activity in blood, tis- 
sue and urine. With this in view, an investi- 
gation of absorption and urinary excretion of 
2 chloramphenicol derivatives that had good 
activity im vitro was undertaken in man. 
Both of these compounds differ from the par- 
ent drug only in substitutions for the nitro- 
phenyl group, one derivative, Thiocymetin® 
(Win 5063-2), substituting 4-methylsulfonyl- 
phenyl, the other U-15,442 (Win 5094-2), 
substituting 4-methylmercaptophenyl. 
Materials and methods. An oral dose of 
500 mg of chloramphenicol, Thiocymetin and 
U-15,4428 was given, according to a Latin 
square design, in rotation to 6 healthy young 
men. Doses were separated by at least one 
week. On each test day the subjects were in 
the fasting state except for liberal water in- 
take. Venous blood samples were obtained 
prior to and at 1, 2, 4, 6, 8 and 25 hours after 
the dose. The first meal was taken after the 
4-hr specimen. Serums were separated as soon 
as possible and stored at —20°C until time of 
assay. All urine passed during 48 hours fol- 
lowing the dose was collected in sterile con- 
tainers and immediately refrigerated; aliquots 
from pools obtained at 0-4, 4-8, 8-12, 12-24 
and 24-48 hours were kept frozen at —20°C 
until time of assay. Specimens of serum and 
urine were assayed by a modified cup-plate 
method employing Pasteurella bovisepticus as 


§ Kindly supplied in coded capsules by Upjohn Co. 
from bulk material obtained from Winthrop Labora- 
tories; the generic name of Thiocymetin is dextro- 
sulphenidal. 
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the test organism and levels were expressed in 
pg/ml based on comparison with standard 
drug corresponding to the one administered. 
These tests were done in the Research Lab- 
oratories, Upjohn Co. (to be referred to as 
Laboratory A) to which the specimens were 
delivered in the frozen state. Urines were also 
assayed in this laboratory (hereafter referred 
to as Laboratory B) using the standard Sar- 
cina lutea cup-plate method described for 
chloramphenicol(5), and employing standards 
of all 3 drugs simultaneously with each test 
so that results could be expressed in terms of 
activity equivalent of each drug. The assay 
strain of P. bovisepticus was inhibited by 0.19, 
0.09 and 0.09 »g/ml of chloramphenicol, Thio- 
cymetin and U-15,442, respectively. The 
strain of S. lutea was less sensitive but other- 
wise satisfactory; it was inhibited by 3, 10, 
and 15 ywg/ml of chloramphenicol, Thiocy- 
metin and U-15,442, respectively. 

Results. Serum levels. Average concen- 
trations of the 3 analogues in serum of 6 sub- 
jects are shown in Fig. 1. Average peak levels 
were nearly the same for the 3 analogues but 
were achieved later with Thiocymetin than 
with the other 2. At 6 hours, average concen- 
trations of all 3 drugs were again about the 
same. Slight activity of Thiocymetin and U- 
15,442 was still measurable 25 hours after 
these doses, but none was detectable after the 
dose of chloramphenicol. 

Urinary excretion. Average amounts of the 
3 drugs recovered in urine, as determined in 
each laboratory, are given in Table I. Values 
obtained in Lab. A were slightly lower than 
those obtained in Lab. B for chloramphenicol 
and U-15,442, but for Thiocymetin they were 
about one-third lower. Despite these differ- 
ences the patterns of the 48 hour cumulative 
excretion of the 3 drugs as determined in the 
2 laboratories were quite similar (Fig. 2). In 
both studies considerably more thiocymetin 
was recovered than U-15,442; recoveries of 
chloramphenicol in urine were lowest of the 3. 

The data presented in Fig. 3 permit com- 
parison of relative antimicrobial activity of 
each analogue in urine, expressed in chloram- 
phenicol “equivalents” as determined in the 
S. lutea method. Thiocymetin, in each se- 
quential time period, and over the total pe- 


248 
7 MEAN +SD 
6 
CHLORAMPHENICOL 
5 ’ 
i 4 , 
= ’ 
> 5 ' 
oO ‘ 
= 2 4 
Se a 
5 i — 
07 
=6 
ore THIOGYMETIN 
- 
24 
oa 7 
F 3 
/ 
<2 ‘ 
uw 1 / 
ro) / 
zol/ 
° So oa 
r= 7 
< 
« 6 
e U-15,442 
w 5 = = 
24 / 
° 1 
Oo 3 ! 
! 
Aa) OY, 
1 / 
! 
fo) / 4 
OG f 2 4 6 8 25 


Q) HOURS AFTER ORAL DOSE OF 500 MG. 


120 


S. LUTEA ASSAY 
100 (LAB. B) 


DOSE 


80 C = CHLORAMPHENICOL 
T = THIOCYMETIN 
70 U = U-15,442 


60 Fy MEAN + SD 

50 

40 

30 | 

20 

UNC ce 

° | ee 
Chi 


cTu ctu 
0-4 4-8 8-12 12-24 24-48 0-48 


HOURS AFTER ORAL DOSE OF S00 MG. 


MIGROBIALLY ACTIVE ANTIBIOTIC IN URINE 
EXPRESSED AS CHLORAMPHENICOL EQUIVALENT, MO 


riod of 48 hours, produced significantly more 
antimicrobial activity in urine than did either 
chloramphenicol or U-15,442. The same re- 
lationships hold for results expressed in terms 
of the other 2 drugs; only the heights of all 
the bars are different. 

Discussion. These data indicate that lev- 
els of microbially active thiocymetin and U- 
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FIG. 1. Avg concentrations of chloramphenicol 
and 2 analogues in serum of same 6 subjects after 
single oral doses of 500 mg. 

FIG. 2. Avg excretion of microbially active chlor- 
amphenicol and 2 analogues in urine of 6 subjects 
after single oral doses of 500 mg as determined in 
2 laboratories, 


FIG. 3. Avg excretion of active chloramphenicol 
and 2 analogues, each calculated as chlorampheni- 
col equivalents, after single oral doses of 500 mg. 


15,442 produced in serum during the first few 
hours after an oral dose are quite comparable 
to those obtained with chloramphenicol: how- 
ever, peak levls were achieved somewhat later 
with Thiocymetin and activity was no longer 
detectable in serum 25 hours after the dose of 
chloramphenicol, but was still measurable in 
some subjects after doses of the other 2 ana- 
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TABLE I. Recovery of Chloramphenicol and 2 Analogues in Urine of 6 Healthy Young Men 
after a Single Oral Dose of 500 mg. 


Urinary excretion 


Hr after Chloramphenicol Thiocymetin U-15,442 
dose mg +S8.D. %o* mg + S.D. % mg +8.D. % 
Laboratory A, P. bovisepticus assay 
0- 4 18.0 + 6.4 3.6 87.1 + 22.6 17.4 47.5 + 12.8 9.5 
4- 8 12:3 = 2:9 2.4 65.0 + 10.6 13.0 SLO Se eH 6.3 
8-12 Sera Io 1.0 Sad) se ae 6.7 Ie ae Es 3.6 
12-24 Hires ls) pik 284+ 8.9 5.6 23.34 4.4 4.6 
24-48 Soha sal 5.64 5.4 Veal 8.64 5.5 17 
Total Aleit O se 8.2 220.0 + 28.5 43.8 129.1 + 24.9 25.7 
Laboratory B, S. lutea assay 
0- 4 23.8 + 6.8 4.7 140.3 + 35.5 28.0 OS ae i7il 12.2 
4- 8 NA Se Sif 3.2 112.5 + 26.4 22.5 416+ 4.1 8.3 
8-12 5.9 + 1.5 Heal 44.44 7.7 8.8 PAL) cre 3A") 4.3 
12-24 HES Sy Iai 35.5 + 11.4 Heal 25.84 8.0 5.1 
24-48 t — 2 ae) Oe 5 5.44 4.2 1.0 
Total OMe tected lO) 10.1 35.7 + 41.5 66.9 155.5 + 21.0 30.9 
Each value shown is the mean for the same 6 subjects, expressed as activity of drug ingested. 


* % of administered oral dose. 


logues. Recovery of the active drug in urine 
was several times as great after Thiocymetin 
and significantly greater after U-15,442 than 
after chloramphenicol, when expressed as per- 
cent of dose ingested. However, when ex- 
pressed in the equivalent of chloramphenicol 
activity, the dose of Thiocymetin still yielded 
significantly more activity in urine than a 
similar dose of chloramphenicol, but the ad- 
vantage of U-15,442 was lost due to the 
lesser activity of the latter against the assay 
organism. | 

From the therapeutic point of view at least 
2 factors other than absorption, excretion and 
inactivation must be considered in comparing 
these 3 drugs, namely their relative im vitro 
activity against human pathogenic bacteria 
and their relative toxicity. Since chloram- 
phenicol has been widely used recently in 
treatment of infections with staphylococci 
that are resistant to other antibiotics, a num- 
ber of recently isolated strains were tested for 
their susceptibility to these 3 agents by a 2- 
fold dilution method on agar plates. The re- 
sults (Table II), indicate that chlorampheni- 
col is the more active agent, on the average at 
least twice as active as the other two. Since 
blood levels over an 8-hour period after a dose 
in normal individuals were at least as high 
with chloramphenicol as with the other de- 
rivatives, the systemic antistaphylococcal ef- 


+ Undetectable. 


fect may be expected to be greater. The ac- 
tivity recoverable in urine, on the other hand, 
was greater with Thiocymetin even when ex- 
pressed as active chloramphenicol equiva- 
lents, so that the former might be considered 
advantageous in treatment of urinary tract 
infections. The results do indicate, however, 
that Thiocymetin and U-15,442, particularly 
the former, are inactivated more slowly or by 
different mechanisms than chloramphenicol. 
The overriding consideration from the thera- 
peutic point of view is the much greater tox- 
icity of Thiocymetin as revealed both in lab- 
oratory animals and in preliminary clinical 
trials which preclude its use (personal com- 
munication). Nevertheless, these findings in- 
dicate that further search for chloramphenicol 
derivatives that are less toxic and also inacti- 
vated more slowly or to a lesser degree than 
chloramphenicol, may be worthwhile. 

TABLE II. Susceptibility of 178 Recently Iso- 


lated Strains of Staphylococcus aureus to Chloram- 
phenicol and 2 of Its Analogues. 


Chloram- 


Aiamineam doh bite phenicol Thiocymetin U-15,442 


TON COTA sy 7/10 ee (0) OE SNS ee 


6.3 12.9 
12.5 55.1 4.5 5.1 
25 23.6 47.8 83.1 
50 1.7 37.6 Ont 
100 5.1 aA 2.8 
> 100 Merl 9.0 2.2 
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Summary. Comparison of absorption and 
urinary recovery of chloramphenicol and 2 of 
its derivatives, Thiocymetin and U-15,442, 
has been carried out following administration 


of single oral doses of 500 mg each in 6. 


healthy human volunteers. Similar peak con- 
centrations of these drugs were noted in serum 
but they were achieved later after the dose of 
Thiocymetin. At 25 hours slight antibiotic 
activity was still discernible with the 2 deriva- 
tives, but not with chloramphenicol. In view 
of the superior antimicrobial activity of chlo- 
ramphenicol the 2 derivatives are considered 
to be inferior to the parent compound in pro- 
ducing antimicrobial activity in serum. In 
contrast, much higher urinary recoveries were 
achieved with the 2 derivatives than with 
chloramphenicol. In the case of Thiocymetin 
urinary recovery was so great as to more than 
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offset its inferior antimicrobial activity; this 
was not the case with U-15,442. The high re- 
covery of active Thiomycetin in urine suggests 
that it is inactivated more slowly or by a dif- 
ferent mechanism than is chloramphenicol. 
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A Simple Chromatographic Method for Preparation of Gamma Globulin.* 
(25476) 


Hitton B. Levy anp Hersert A. SOBER 
U.S. Dept. of H.E.W., N.I.H., Nat. Inst. of Allergy and Infectious Diseases, 
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Many serological procedures might be im- 
proved by use of gamma globulin rather than 
whole serum as the source of antibody. For 
example, non-specific inhibitors of viruses 
might be removed in some cases where anti- 
viral sera are being studied. F urthermore, in 
work with fluorescent antibody, non-specific 
staining might be reduced if gamma globulin 
fractions were used instead of serum. Most 
methods for preparation of gamma globulin 
are not convenient for use by the usual vi- 
rology or immunology laboratory. The high 
capacity of the cellulose ion exchange ad- 
sorbents(1), and the relatively mild condi- 
tions of salt and pH required for adsorption 
and elution have suggested their use in such 

* We express our appreciation to Drs. Katherine 
Cook, N. I. H., Pekka Halonen, Univ. of Helsinki, 
and Major E. L. Buescher, Walter Reed Army Inst. 
of Research for generous help in some biological 
assays. 


preparation(2). A slight modification of the 
chromatographic procedure described by So- 
ber and Peterson(3) is presented here which 
allows preparation of gamma globulin in a 
stepwise procedure, free from macroglobulins, 
high molecular weight serum protein with 
gamma globulin mobility, and non gamma 
globulin serum proteins. 

Methods. lon exchange adsorbents. The 
anion exchanger, diethylamino-ethylcellulose 
(DEAE), (40-100 mesh, 0.96 meq/g) was 
prepared by the method of Peterson and So- 
ber(1), or purchased. It was washed with 
0.5 N NaOH 3 times to remove color and to 
regenerate the column, then suspended in 
water and washed to neutrality. The slurry 
was adjusted to pH 6.3 by adding 0.2 M 
NaH»PO,, and washed several times with the 
starting buffer (0.0175 M phosphate (Na‘), 
pH 6.3). A large batch of the adsorbent may 
be so prepared and stored in the refrigerator. 
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Before use it is resuspended gently, and the 
slowly sedimenting “fines” discarded as they 
unduly interfere with the flow rate of the col- 
umn. The cation exchanger, carboxymethy]l- 
cellulose (CM) (100-230 mesh, 0.74 meq/ 
g) was synthesized as described(1). It was 
prepared for use by washing 3 times with 0.5 
M NaCl—0.5 M NaOH, then with water till 
neutral, then with 0.0175 M PO, pH 6.3, till 
the pH of the wash was 6.3. Antibody assay. 
Adenovirus antibodies were assayed accord- 
ing to procedures given by Rowe ef al.(4). 
ECHO virus antibodies as well as antibody to 
the tissue on which the viruses were grown 
were assayed according to Halonen(5). An- 
tibodies to diphtheria and tetanus toxoids 
were determined by hemagglutination tech- 
nics, using serial dilution of serum against 
erythrocytes sensitized by the method of 
Landy et al.(6), using as a standard a modi- 
_ fied antitoxin of known unitage. Neutralizing 
antibodies to Russian Spring-Summer En- 
_ cephalitis were estimated by the method of 
Rivers et al.(7). Separation procedure. (1) 
The serum to be fractionated is dialyzed over- 
night vs. 100-200 volumes of 0.0175 M PO, 
pomiter (Na*), pH 6:3 in the -cold. ~The 
slight precipitate formed may be removed by 
centrifugation or may be retained and put on 
the column. (2) For 2 ml of the dialyzed 
serum, a column of DEAE-cellulose is pre- 
pared of about 1 cm diameter and 5 cm 

_ height, using pressure, not to exceed about 10 
Ib/sq in, preferably in the form of nitrogen. 
The column should not be allowed to dry out 
during the preparation. The column is then 
washed with about 50 ml more of the starting 
buffer. (3) With the liquid level of the start- 
ing PO, buffer just at the top of the adsorbent, 
the serum is carefully added and pushed into 
the column with gentle gas pressure. The 
gamma globulin, the only serum protein that 
is not adsorbed under the indicated conditions, 
is washed through with more of the pH 6.3 
buffer. For 2 ml of serum about 6 ml of buf- 
fer will remove most of the gamma globulin, 
but about 20 ml is needed for complete re- 
covery. The macroglobulin remains on the 
column with the other non-gamma globulin 
serum proteins and may be removed from the 
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TABLE I. List of Antisera Fractionated and 


Tested. 
% antibody re- 
covered in 
Immuniz- Species Test Gamma Re- 
ing agent of serum method globulin mainder 
Adenovirus, Rabbit Comp. fix. 50 0 
Type 2 
Idem ‘4 Neut. 100 0 
ECHO 6 Guinea pig Comp.fix. 80 0 
Monkey kid- Idem 80 0 
ney t.¢. 
ECHO 6 Rabbit 4 80 0 
erage a: Ha Bs 40, 0 
Tetanus Human (2) HA 100 0 
toxoid i 
Diphtheria ‘ 50 0 
toxoid 
Russian 8-8 Neut. 300 0 
enceph.* 


* Russian Spring-Summer Encephalitis. 


column by washing with 2 M NaCl in 0.4 M 
Na-phosphate, pH 5.2. 

Results. The systems to which the pro- 
cedure has been successfully applied are given 
in Table I. It should be realized that repro- 
ducibility of some of the above testing sys- 
tems is no better than plus or minus 2-fold. 
Therefore the results of Table I indicate that 
the described fractionation procedure sepa- 
rates a non-adsorbed chromatographic frac- 
tion, which contains only gamma globulin and 
which accounts for all the antibody. All the 
gamma globulin fractions were examined 
qualitatively in the Spinco paper electro- 
phoresis apparatus, or in the Aminco-Stern 
boundary electrophoresis apparatus in veronal 
buffer at pH 8.6 and some were analyzed 
quantitatively. All samples proved to be 
gamma globulin either without detectable 
contamination or contaminated only with a 
small amount of B-globulin. The “adsorbed- 
fraction,” that was eluted from the column by 
the higher salt concentration, showed the 
other serum components with the small 
amount of gamma globulin that could be at- 
tributed to the macroglobulin component. 

In addition to antisera mentioned in Table 
I, 3 samples of horse serum that showed anti- 
type I poliovirus activity were fractionated by 
the present method. All the anti-poliovirus 
activity was found in the non-adsorbed gam- 
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ma globulin fraction. For several reasons 
this material has not been considered as an 
antibody (8). 

It should be noted that the present method 
dilutes the gamma globulin 4-10 fold. If this 
dilution should be undesirable, the gamma- 
globulin eluate may be applied directly to a 
carboxymethylcellulose (CM) column, equili- 
brated with pH 6.3, 0.0175 M PO, buffer onto 
which the gamma gobulin will be adsorbed (2, 
3). It may be then eluted in a more concen- 
trated form by 2 M NaCl in 0.05 M Na-phos- 
phate pH 6.9. Any other concentration 
method may, of course, be-used. 


Summary. A relatively simple method for 
separation of gamma globulin from serum has 
been presented. The procedure has been ap- 
plied to a number of antisera, and has been 
shown with them at least to give reasonably 
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good localization of antibody in the gamma 
globulin fraction. 
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Effect of Pluronic F68 on Growth of Fibroblasts in Suspension on 


Rotary Shaker. 


(25477) 


H. E. Swim* anp R. F. Parker 
Dept. of Microbiology, Western Reserve University, Cleveland, O. 


Recent investigations have established the 
feasibility of propagating certain strains of 
mammalian cells in suspension, and a number 
of technics have been described. These in- 
clude the tumble tube of Owens et al.(1), the 
rotary shaker of Earle e¢ al.(2), the roller 
tube of Graham and Siminovitch(3), the sus- 
pended stirrer (spinner culture) of Cherry 
and Hull(4), the fermentor of McLimans et 
al.(5), and a variety of modifications of the 
foregoing (6,7,8,9,10). Use of conventional 
rotary shakers to provide agitation eliminates 
the need for special equipment and the method 
is particularly suitable for experiments in- 
volving many cultures of relatively large vol- 
ume. Formation of a non-cellular precipi- 
tate(11) under certain conditions, however, is 
a major drawback of the shaker method. In 
media containing serum, the precipitate is 
presumably protein in nature(11,12) and its 


* Research Fellow, Am. Cancer Soc., Cuyahoga 
County Unit. Aided by grant from WES JOISLS. 


formation is related to strain of cells and en- 
vironmental conditions employed(11). Pre- 
cipitation of constituents of the medium not 
only results in erratic growth of cells but im- 
poses severe limitations on their use in studies 
of metabolism. This report describes the use 
of Pluronic F68 in shake cultures as a means 
of essentially eliminating the precipitate 
formed in a medium containing horse serum. 
Materials and methods. The Pluronicst 
are blockpolymer surfactants prepared by 
adding ethylene oxide to both ends of a poly- 
oxypropylene polymer. Pluronic F68, here- 
after referred to as F68, is a solid with a mo- 
lecular weight of approximately 8750. About 
80% of the molecule, by weight, consists of 
hydophilic polyoxyethylene groups and the 
remainder of hydrophobic polyoxypropylene 
groups. Stock cultures of strain U12-29 fi- 


+ Authors are indebted to M. J. Conway, Wyan- 
dotte Chemicals Corp. for generous supply of F68 
and other Pluronics. 
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broblasts(13) were propagated continuously 
in Bellco-type spinner flasks+ in medium 29 
composed of S103(14) fortified with 20% 
(v/v) horse serum (NHS). The flasks were 
stoppered and contained % to 2% their vol- 
ume of medium. Cells were maintained in 
pseudo exponential growth by replacing a 
portion of the suspension with fresh medium 
at appropriate intervals. Aqueous solutions 
containing 5 to 25% F68 were sterilized by 
filtration through Selas' candles of 02 poros- 
ity. All glassware in both spinner and shake 
cultures was siliconized with saturated solu- 
tion of silicone|| in carbon tetrachloride. After 
draining, the flasks were heated at 160°C for 
45 minutes. Experiments with shake cultures 
were performed as follows: Aliquots of cell 
suspension from spinner cultures were centri- 
fuged and the supernatant discarded. The 
cells were suspended in experimental medium 
at concentration of 0.3 to 0.6 « 10° cells/ml 
and 75 ml was added to each of a series of 
125-ml Florence flasks. The flasks were 
gassed (45% Os, 5% COs and 45% Nz), 
stoppered, and incubated at 37°C on a rotary 
shaker at 200 rpm. Samples were removed 
at 24 to 72 hour intervals and the cells enu- 
merated by the citric acid procedure employed 
in this laboratory(15). 

Results. When medium 29 was shaken at 
37°C in absence of cells, precipitation was 
evident within a few hours and was usually 
complete in 24 to 48 hours as judged by vol- 
ume of pellet obtained upon centrifugation of 
- aliquots of the medium at 1000 x G for 15 
minutes. Media prepared with 10 different 
lots of serum all yielded considerable precipi- 
tate. The quantity and general appearance 
of the precipitate varied with the lot of serum 
employed. Some media became opalescent 
and considerable amorphous debris accumu- 
lated, whereas in others a granular precipi- 
tate was formed. When medium 29 was sup- 


{ Flasks manufactured by Bellco Glass, Vineland, 
INS J 

§ Porcelain filters manufactured by Selas Corp., 
Philadelphia, Pa. 

|| A silicone lubricant manufactured by Dow Corn- 
ing Corp., Midland, Mich. 

{Model S-3 shaker manufactured by Brunswick 
Scientific Co., New Brunswick, N. J. 
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FIG. 1. Growth of U12-29 fibroblasts in shake cul- 

tures as a function of concentration of Pluroni¢ 

F68 in medium 29. Each point on curves represents 

avg values for 2 or more experiments. BM refers 

to basal medium to which F68 and horse serum was 
added. 
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plemented with 0.05 to 5% F68, precipitation 
of components of the medium was virtually 
eliminated. At these concentrations of F68 
most sera remained clear for the experimental 
period of 7 to 10 days. In a few instances a 
small amount of granular-type precipitate was 
evident after 2 to 3 days, but this did not in- 
crease appreciably on continued shaking. 
With media prepared from a limited number 
of sera, F68 was effective in either preventing 
or markedly reducing precipitation in con- 
centrations as low as 0.01%. The results of 
preliminary experiments indicate that F68 is 
also effective in reducing precipitation in simi- 
lar media prepared from human serum. 
The effect on proliferation of U12-29 fibro- 
blasts in shake cultures of adding F68 to 
basal medium is illustrated in Fig. 1. Amount 
of growth in absence of F68 is consistently 
less than one half that obtained when the 
Pluronic is added to the medium. The re- 
sults varied with the lot of serum employed. 
For example, some growth was obtained in ab- 
sence of F68 in media prepared with either 
NHS 17, 18 or 1, whereas the cells began to 
degenerate in a few days in a medium con- 
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taining NHS 4120. Likewise, significantly 
less growth was obtained in presence of F68 
with NHS 1 than with the other 3 sera. Dif- 
ferences of the same order of magnitude have 
been observed among additional sera not 
shown in Fig. 1. Variations in ability of dif- 
ferent sera to promote growth are not unique 
to the shaker system since individual lots ex- 
hibit the same relative activity in stationary 
and spinner cultures. 

A subline of strain U12-29, designated 
U12-79, grows well in stationary flasks in a 
medium composed of S103 fortified with 5% 
dialysed horse serum, but fails to proliferate 
in either shake or spinner cultures. Bryant 
et al.(16) observed that addition of the lower 
viscosity grades of the substituted cellulose 
polymer, Methocel** permits growth of the 
NCTC 2071 strain of fibroblasts on the shaker 
in a chemically defined medium. In the ab- 
sence of Methocel the cells degenerate when 
shaken but proliferate in the same medium in 
stationary flasks. The results obtained with 
U12-79 indicate that F68 does not function 
as does Methocel in facilitating growth of cells 
in minimal media in shake cultures. The 
growth enhancing activity of F68 in shake 
cultures appears to be directly related to its 
ability to prevent precipitation of protein 
from the medium. Thus, growth curves of 
U12-29 in shake cultures containing low levels 
of F68 (Fig. 1) are indistinguishable from 
those obtained in a Pluronic-free medium in 
spinner flasks where precipitation is minimal. 

Summary. A medium composed of the de- 
fined solution $103 supplemented with 20% 
horse serum yields a noncellular precipitate 
when agitated on a rotary shaker. This pre- 

** Manufactured by Dow Chemical Co., Midland, 
Mich. 
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cipitation results in loss of from 25 to 100% 
of growth-promoting activity of the medium 
for strain U12-29 fibroblasts in shake cultures. 
Addition of the polyglycol, Pluronic F68, to 
the medium largely eliminates precipitation. 
Under these conditions, growth of U12-29 in 
suspension on a rotary shaker is comparable 
to that obtained in spinner cultures. 
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Effect of Environmental Temperature upon Cholesterol Induced Aortic 


Atherosclerosis in the Rabbit. 


(25478 ) 


W. A. SoDEMAN AND JoHN T. LocuE 
Jefferson Medicai College, Philadelphia, Pa. 


Hypercholesterolemia and aortic athero- 
sclerosis resulting from cholesterol feeding in 
rabbits is a well established procedure. Ad- 
ministration of high protein diets(1), alloxan, 
(2,3), detergents(4), heparin(5), hyaluroni- 
dase(6), cholestanol(7), testosterone and es- 
tradiol(8), potassium thiocyanate(9), and 
cortisone(10,11) as well as production of con- 
comitant malnutrition(12), have all been 
shown to vary the level of blood cholesterol 
and alter the degree of resulting atheroscle- 
rosis in rabbits fed a high cholesterol diet. 
Similar studies relating degree of hypercholes- 
terolemia and extent of atherosclerosis to age 
and weight of experimental animals have been 
reported(13). It is apparent from these 
studies that degree of hypercholesterolemia is 
not the sole factor in determining extent of 
atherosclerotic aortic lesions in the rabbit. In- 
deed often more marked sclerosis has been 
demonstrated in those animals with lower se- 
rum cholesterol values. A satisfactory ex- 
planation of this phenomenon is not apparent. 
Certainly, the aortic intima varies in its abil- 
ity to withstand or metabolize plasma lipid 
loads under varying conditions studied. Sea- 
sonal variations in incidence and severity of 
atherosclerotic complications is a frequently 
observed clinical phenomenon. Indeed many 
years ago Mills(14) suggested that variations 
in climate have a direct effect on death rates 
from coronary artery disease. Whether en- 
vironmental temperature itself may induce 
changes in ability of intimal cells to respond 
to hypercholesterolemia has not been settled. 
With this question in mind, we carried out the 
following experiment using environmental 
temperature as a variable while attempting to 
keep other conditions constant. For this ex- 
periment we were kindly granted the use of 
climatic laboratory at the College of Agricul- 
ture of Missouri. 

Materials and methods. Sixteen 6-month- 
old, male, albino rabbits were divided into 2 
groups. One group was maintained at en- 
vironmental temperature of 45-50°F, while 


the other group was kept at 80-85°F. Rela- 
tive humidity of both groups was maintained 
at 60-65%. ‘Two rabbits in each group served 
as controls and ate a measured standard diet 
of Purina rabbit pellets with water ad lib. 
After 2 weeks, in which food intake and 
weight gain of both groups were comparable, 
cholesterol enriched rabbit pellets were sub- 
stituted in both groups excluding controls. 
The cholesterol chow was prepared following 
the method of Wang eé a/.(15). Amorphous 
pure cholesterol U.S.P. (Merck & Co.) was 
dissolved in 10% solution of ether and 
sprayed over thin layers of Purina pellets. 
After the ether evaporated the cholesterol cov- 
ered and infiltrated the pellets as a fine film. 
Average daily intake of cholesterol/rabbit 
was approximately 1 gram. On the first, 21st, 
and 42nd day average serum cholesterol levels 
were determined, following the method of 


TABLE I. Average Serum Cholesterol Values for 
Rabbits Maintained at 45-50°F and 80-85°F. 


No. of days fed 


cholesterol—+ Istday 2lstday 42nd day 


Cholesterol fed rabbits 


at 45-50°R 
Total cholesterol 113.8 1034.1 2073.8 
Free re Bile 372.6 847.8 
Esters 82.7 661.5 1226.0 
Ester % 72.7 64.0 59.1 

Cholesterol fed rabbits 

at 80-85°R 
Total cholesterol 104.5 1524.8 2632.3 
Free % 40.9 672.3 892.8 
Esters 63.6 852.5 1739.5 
Ester % 60.9 55.9 66.1 


Values for rabbits on normal diet after 21 days 
Control rabbits at 


45-50°F 
Total cholesterol 102.2 
Free 22.4 
Esters 79.8 
Ester % 78.0 
Control rabbits at 
80-85°F 
Total cholesterol 111.0 
Free “i 34.8 
Esters 76.3 
Ester % 69.8 
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CHOLESTEROL FED 
@) at 45-50°F 


@ CHOLESTEROL FED 
at 80-85 F 
FIG. 1 and 2. Ink drawings showing distribution 


of aortic sclerotic plaques in rabbits fed cholesterol 
and maintained at 45-50°F (Fig. 1) and 80-85°F 
(Fig. 2). 
Schoenheimer and Sperry(16) (See Table). 
On forty-fifth day the animals were sacrificed. 
Aortas were dissected free of excess fat and 
fixed in 10% formalin solution for several 
days, then stained with Sudan IV (usually 2 
to 3 minutes), and decolorized with 70% al- 
cohol until good photographic contrast was 
obtained. From photographs of the mounted 
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aortas, ink drawings were prepared showing 
distribution of aortic sclerotic plaques. Two 
rabbits in the 45-50° group and one rabbit in 
the 80-85° group died shortly after start of 
experiment and were excluded. One addi- 
tional rabbit in the 80-85 degree group died 
following a convulsion on thirtieth day and 
was included. 

Results showed remarkable reduction in 
plaque formation in animals kept at higher 
temperature levels in spite of higher total cho- 
lesterol and ester values in this group (Fig. 1 
and 2). Electrophoretic patterns of sera 
showed a higher, sharper peak in the beta 
range in animals kept at higher temperature. 
Radioactive iodine uptake studies did not re- 
veal any significant difference in the 2 groups. 

Summary. The findings indicate that heat 
stress in rabbits raised under conditions 
studied, produced a profound effect upon ex- 
tent and distribution of aortic atherosclerotic 
plaque formation. 
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